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POSSIBLE  MODIFICATIONS To THE 
CALCULATION OF PERCEIVED NOISINESS 

Kar l  D.  K r y t e r  

SUMMARY 

Ana lys i s   o f   da t a   f rom a recent  l a rge - sca l e   expe r imen t   and   r eana lys i s  
o f   s i m i l a r   d a t a   f r o m   s i m i l a r  o r  r e l a t e d   p r e v i o u s   e x p e r i m e n t s ,   p r o v i d e s  a 
b a s i s   f o r   t h e   e v a l u a t i o n   o f   t h e   a c c u r a c y   w i t h   w h i c h   v a r i o u s   u n i t s   o b t a i n e d  
f r o m   p h y s i c a l   m e a s u r e m e n t s   p r e d i c t   t h e   j u d g e d   r e l a t i v e   p e r c e i v e d   n o i s i n e s s  
o f   a i r c r a f t   n o i s e .  On t h e   b a s i s   o f   t h i s   e v a l u a t i o n  i t  i s  c o n c l u d e d   t h a t  
t h e   b e s t  u n i t s  f o r   e s t i m a t i n g   j u d g e d   p e r c e i v e d   n o i s i n e s s   a r e  EPNdB-M and 
E(D2). EPNdB-M and  E(D2) a r e   t h e  same a s ,   r e s p e c t i v e l y ,  EPNdB and EdB(D) 
(or EdB(N) r e f e r r e d   t o  i n  t h e   p r e v i o u s   l i t e r a t u r e ,   e x c e p t   t h a t   f o r  EPNdB-M 
and EdB(D2) the  sound  energy  below  about  355 Hz is  summed or weigh ted   i n  
ways t o   b e t t e r   a c c o u n t   f o r   t h e   c r i t i c a l   b a n d w i d t h   o f   t h e   e a r   a t   t h o s e   f r e -  
q u e n c i e s .  The u s e   o f   t o n e   c o r r e c t i o n s   w i t h   t h e s e   u n i t s   a p p e a r s   j u s t i f i e d  
bu t   no t   unequ ivoca l ly .  

I t  h a s   b e e n   f o u n d   t h a t   i n   a d d i t i o n   t o   t o t a l   d u r a t i o n ,  two a d d i t i o n a l  
t e m p o r a l l y   r e l a t e d   f a c t o r s   c o n t r i b u t e   s i g n i f i c a n t l y   t o   j u d g e d   p e r c e i v e d  
n o i s i n e s s :   ( a )   t h e  time e l aps ing   be tween   t he  moment a non- impuls ive   no ise  
i s  f i r s t   a b o v e  some s p e c i f i e d   t h r e s h o l d   l e v e l   a n d   t h e  moment i t  r e a c h e s  
i t s  maximum l e v e l ,  and   (b )   t he  l e v e l  above   background  reached   wi th in0 .5  sec 
by an   impu l s ive   sound .   Cor rec t ion   va lues   fo r   t he   onse t   du ra t ion   and  i m -  
p u l s e   l e v e l   o f   s o u n d s ,   a s   a p p r o p r i a t e ,   a r e   p r o p o s e d   f o r   c o n s i d e r a t i o n   a n d  
p o s s i b l e   s t a n d a . r d i z a t i o n   i n   t h e   c a l c u l a t i o n   o f   t h e   u n i t s  recommended f o r  
t h e   p r e d i c t i o n  of p e r c e i v e d   n o i s i n e s s ,  EPNdB and  EdB(D). 

I t  i s  recommended t h a t   f u r t h e r   a n a l y s i s   b e  made of   ex is t ing   and   pos-  
s i b l y   a d d i t i o n a l  new judgment   data   to   determine  whether   the  band  summation 
method now used   w i th  PNdB and PNdB-M can   be   abandoned  in   favor   o f  a some- 
wha t   s imp le r   p rocedure .  In  t h i s  new procedure a power  summation is made 
of the band   sound   p re s su re   l eve l s   ad jus t ed  i n  accordance  wi th  t h e   e q u a l  
noy contours .  D e t a i l e d   d e f i n i t i o n s  of terms and  procedures as might  be 
used for t h e   s t a n d a r d i z a t i o n   o f   t h e  recommended  and  proposed u n i t s  are 
g iven  i n   a n   a p p e n d i x  t o  the pape r .  

1 
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INTRODUCTION 

S i n c e   t h e   i n t r o d u c t i o n   o f   t h e   c o n c e p t  i n  1959 a number o f   s t u d i e s  11 * 
have   been   conduc ted   t ha t   have   l ed   t o   mod i f i ca t ions   t o   and   ex tens ions   o f  
p r o c e d u r e s   f o r   c a l c u l a t i n g   f r o m   p h y s i c a l   m e a s u r e s   t h e   p e r c e i v e d   n o i s i n e s s  
of  sound. A t  t h e   p r e s e n t  time t h e   g e n e r a l   r e l a t i o n   b e t w e e n   t h e   s o u n d   p r e s -  
s u r e   l e v e l   a n d   j u d g e d   p e r c e i v e d   n o i s i n e s s   a s  a f u n c t i o n   o f   t h e   f r e q u e n c y  
con ten t   o f  random n o i s e  seems reasonab ly  well e s t a b l i s h e d ,   a s  shown i n  
F ig .  1. I n d e e d ,   a s   a l s o  shown i n   F i g .  1, t h e   f r e q u e n c y   w e i g h t i n g   f o r   n o i s -  
i n e s s   a n d   l o u d n e s s ,   a s   g i v e n  by S tevens ’  Mark V I  Loudness  Index  Contours,  
i s  v e r y   s i m i l a r   t o   t h e   e q u a l   n o i s i n e s s   c o n t o u r s .   I n a s m u c h   a s   t h e   u n i t   o f  
PNdB uses   the   band   summat ion   procedure   deve loped   by   S tevens   for   the   ca lcu-  
l a t i o n  of l o u d n e s s   i n   p h o n s ,   t h e r e  i s  a t   p r e s e n t  a c l o s e   i d e n t i t y   b e t w e e n  
t h e s e  two un i t s   w i th   r e spec t   t o   gene ra l   f r equency   we igh t ing   and   bandwid th  
summation.  Also,  ways  of  making or t r e a t i n g  sound  measurements t o   a c c o u n t  
f o r   t h e   r o l e   o f   t e m p o r a l   d u r a t i o n   ( a t   l e a s t  for sounds  that   have  onset   and 
dec l ine   pa t t e rns   t ha t   a r e   symmet r i ca l )   and   spec t r a l   (pu re - tone )   complex i -  
t i es  i n   p e r c e i v e d   n o i s i n e s s   a r e   s u p p o r t e d   b y   t h e  r e s u l t s  of  some judgment 
t es t s .  

However, t h e r e   a r e   s e v e r a l   q u e s t i o n s   t h a t   c a n   b e   r a i s e d   c o n c e r n i n g  
t h e   a d e q u a c y   o f   p r e s e n t l y   u s e d   p r o c e d u r e s   f o r   t h e   c a l c u l a t i o n   o f   t h e   p e r -  
c e i v e d   n o i s e   l e v e l  (PNL) o r ,   a s  i t  i s  c a l l e d  when t h e   d u r a t i o n  is  taken  
i n t o   a c c o u n t ,   t h e   e f f e c t i v e   p e r c e i v e d   n o i s e   l e v e l ( E P N L )   o f  a sound.  The 
f i r s t  q u e s t i o n   h a s   t o  do wi th   bandwid th   i n t eg ra t ion   and  is  b a s e d   p a r t l y  
o n   t h e o r e t i c a l   c o n s i d e r a t i o n s   a n d   p a r t l y   o n   e m p i r i c a l   d a t a ;   t h e   o t h e r  
q u e s t i o n s ,   c o n c e r n e d   w i t h   o n s e t   d u r a t i o n   a n d   i m p u l s e   e f f e c t s   a r e   p u r e l y  
e m p i r i c a l .  An a t t empt  w i l l  b e  made i n   t h i s   p a p e r   t o   a n s w e r   t h e s e  q u e s -  
t i o n s  and t o   e v a l u a t e   t h e   r e l a t i v e   a b i l i t y   o f   v a r i o u s   u n i t s   d e r i v e d   f r o m  
phys ica l   measu remen t s   o f   sounds   t o   p red ic t   j udged   pe rce ived   no i s ines s .  
I n   a n   a p p e n d i x   t o   t h e   p a p e r  a set o f   d e f i n i t i o n s   a n d   p r o c e d u r e s   a r e   g i v e n  
t h a t  seem t o   t h e   a u t h o r   t o   b e  most s u i t a b l e   a t   t h i s  time f o r   p r e d i c t i n g  
f rom  phys ica l   measu remen t ,   t he   pe rce ived   no i s ines s  of sounds ,   and   the  
r a t i n g s   o f   n o i s e   e n v i r o n m e n t .  

* B e c a u s e   o f   t h e   f r e q u e n t   r e f e r r a l   t o   a u t h o r s  by name a n d   t h e   c r o s s   r e f -  
e r e n c i n g   o f   p u b l i c a t i o n s   b e t w e e n   t a b l e s ,   f i g u r e s ,   a n d   t e x t , r e f e r e n c i n g  
i s  accomplished by  means  of supe r sc r ip t   numbers  or by a u t h o r s  names 
a n d   d a t e   o f   p u b l i c a t i o n .  

3 
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DISCUSSION 

C r i t i c a l   B a n d w i d t h  of t h e   E a r  

F i g u r e  2 shows t h e   r e l a t i o n s   b e t w e e n   t h e   c r i t i c a l   b a n d w i d t h   o f   t h e  
e a r   a n d   t h e   w i d t h  of oc t ave   and  1/3 oc tave   band  f i l t e r s  a s  a f u n c t i o n   o f  
b a n k   c e n t e r   f r e q u e n c y .   I f   a u d i t o r y   t h e o r y  i s  co r rec t ,  sound  pressure ,  
i n  terms of   bands   con ta in ing   equa l   nupbe r s  o r  p o r t i o n s   o f   c r i t i c a l   b a n d s  
s h o u l d   b e   e q u a l l y   e f f e c t i v e  t o  e a c h   o t h e r ,   o t h e r   t h i n g s ,   o f   c o u r s e ,   s u c h  
a s   f r e q u e n c y   w e i g h t i n g   f o r   n o i s i n e s s ,   b e i n g   e q u a l .  However, it i s  seen  
i n   F i g .  2 t h a t  below  about 355 Hz t h e   c r i t i c a l   b a n d w i d t h   o f   t h e   e a r   s t a y s  
n e a r l y   c o n s t a n t   a t   a b o u t   1 0 0  Hz w h e r e a s   t h e   b a n d   f i l t e r s   o f  course do n o t .  
Above about  355 Hz t h e r e  i s  reasonable   p ropor t iona l   cor respondence   be tween 
t h e   c r i t i c a l   b a n d s   a n d   t h e  1/3 and f u l l   o c t a v e  band f i l t e r s .  

I n   r e t r o s p e c t ,  i t  a p p e a r s   u n f o r t u n a t e   n o t   t o   h a v e   u t i l i z e d   t h i s   f a c t  
e a r l i e r   i n   t h e   d e v e l o p m e n t   o f   p r o c e d u r e s   f o r   t h e   c a l c u l a t i o n  of t h e   p e r -  
c e i v e d   n o i s e   l e v e l  of broadband  sounds,   sounds  whose  spectra   extend  over  
a number o f   c r i t i c a l   b a n d w i d t h s   o f   t h e   e a r .   T h a t   s u c h   m i g h t   b e   t h e   c a s e  
was  suggested  by some o f   t h e   e a r l y   j u d g m e n t   d a t a   o f   a i r c r a f t   n o i s e   w h i c h  
i n d i c a t e d   t h a t   c a l c u l a t e d   p e r c e i v e d   n o i s e   l e v e l s   b a s e d   o n  1/3 o r   o c t a v e  
band   spec t r a   ove res t ima ted  by a f e w  "dB" t h e   j u d g e d   p e r c e i v e d   n o i s e   l e v e l  
of a i r c r a f t   n o i s e   h a v i n g   s t r o n g   l o w - f r e q u e n c y   e n e r g y   ( n o i s e   f r o m   p r o p e l l e r -  
d r i v e n   a i r c r a f t )  when j u d g e d   r e l a t i v e   t o   a i r c r a f t   n o i s e   h a v i n g  more i n -  
t e n s e   h i g h   t h a n  l o w  f r e q u e n c i e s   ( t h a t   f r o m   j e t - d r i v e n   a i r c r a f t ) .  We were 
o f   t h e   o p i n i o n   a t   t h a t  time t h a t  some o f   t h e   d i s c r e p a n c i e s   b e t w e e n . c a l c u -  
l a t e d   a n d   j u d g e d   p e r c e i v e d   n o i s i n e s s   o f   t h e s e   r e a l - l i f e   s o u n d s  were pos- 
s i b l y   d u e  t o  u n q u a n t i f i e d   t e m p o r a l   a n d   s p e c t r a l   c o m p l e x i t y   f a c t o r s   a n d  
t h a t  i t  would  be  premature t o  make c h a n g e s   t h e n   i n   t h e   f r e q u e n c y -  
w e i g h t i n g   c o n t o u r s .  * 

* T h e   c o n c e p t   a n d   c a l c u l a t i o n   o f   p e r c e i v e d   n o i s e   l e v e l  were n o t ,   a s   h a s  
been   mis takenly   be l ieved   by  some p e o p l e ,   p r e d i c a t e d   o n  tests w i t h   a i r -  
c r a f t   n o i s e .   T h e   p r o c e d u r e s ,   a l t h o u g h   f i r s t   a p p l i e d  t o  t h e   e v a l u a t i o n  
of a i r c r a f t   n o i s e ,   a r e   n o t   d e r i v e d   i n   a n y  way from judgments of a i r -  
c r a f t   n o i s e   a n d   a r e   h o p e f u l l y   a p p l i c a b l e  t o  a l l   t y p e s  of n o i s e s .  
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FIGURE 2 SHOWING RELATION BETWEEN CRITICAL BANDS OF  THE EAR 
AND WIDTHS  OF  FULL  OCTAVE  AND  1/3  OCTAVE BANDS. 
Also  shown  is  suggested  groupings of octave  and  113  octave  bands 
below 355 Hz to make  these  bands below 355 Hz proportional 
to critical bands of the  ear. 
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This   deduc t ion  i s  c o n s i s t e n t   w i t h   t h e   e q u a l   n o i s i n e s s   c o n t o u r s   f o u n d  
by Wells. I t  i s  seen i n   F i g .  1 t h a t  Wells f o u n d   t h e  lower f requency  re- 
g i o n  t o  b e   g e n e r a l l y   o f  lesser impor tance   than   was   found  f rom  the   nar row 
band-determined  noy  contours  of K r y t e r  and  Pearsons.  Wells' con tour s  
were based   on   judgments   o f   very   b roadband  random  noise   spec t ra   shaped  un- 
t i l  a l l   p a r t s   o f  i t ,  seemed t o   b e   c o n t r i b u t i n g   e q u a l l y   t o  i t s  o v e r a l l   n o i s i -  
n e s s .  

P rocedures   and   F requency   Weigh t ings   fo rob ta in ing   Un i t s   o f  PNL 
- .  . -  . . . . "  - 

Band S p e c t r a  

I t  i s  h e r e i n   p r o p o s e d   t h a t   t h e   p e r c e i v e d   n o i s e   l e v e l  of a sou'nd be  
ca l cu la t ed   f rom 1/3 o r   f u l l   o c t a v e  band s p e c t r a   t h a t   a r e   m o d i f i e d   i n   t h e  
frequency  region  below  355 Hz a s  shown i n   F i g .  2 .  The  procedural  change 
i s  inco rpora t ed   i n   "S tep  2" g i v e n   i n   t h e   a p p e n d i x .  

Proceed  f rom  Step 2 t o   c a l c u l a t e  PNL in   acco rdance   w i th   p rocedures  
g i v e n   i n   t h e   a p p e n d i x  or i n   s e v e r a l   p u b l i c a t i o n s .  
f o l l o w  w e  w i l l  c a l l  PNdB t h a t   a r e   b a s e d   o n   S t e p  2 a s  PNdB-M, and when 
S t e p  2 i s  n o t   u s e d ,   a s  PNdB. F o r t u n a t e l y   t h i s  new procedure   does   no t  re- 
q u i r e   a n y   m o d i f i c a t i o n   o f   p r e s e n t l y  u s e d  p u r e - t o n e   c o r r e c t i o n   p r o c e d u r e s  
inasmuch a s   t h e s e   c o r r e c t i o n s   a r e   z e r o   o r   n e a r   z e r o   i n   t h e   a f f e c t e d   f r e -  
q u e n c y   r e g i o n .   N o t e   t h a t   t h i s  new procedure   p rovides   appropr ia te   noy  
v a l u e s ,   a c c o r d i n g  to  theo ry ,   r ega rd le s s   o f   whe the r   b roadband  or narrow 
band   sounds   a r e   be ing   eva lua ted ;   t ha t  i s ,  a s o u n d   c o n s i s t i n g   s o l e l y   o f  
a 1/3 oc tave   band   of   random  noise   a t ,   say   125  H z ,  would  by t h i s  new pro- 
c e d u r e ,   a s  by t h e   o l d   p r o c e d u r e ,   r e c e i v e   t h e  same  noy v a l u e .  

1, 14, 2 8  I n   t h e   t e x t   t o  

Phons  (Stevens)  i s  c a l c u l a t e d   f r o m   o c t a v e   o r  1/3 oc tave   band   spec t r a  
u s i n g   t h e   p r o c e d u r e s   d e s c r i b e d   i n   r e f e r e n c e s  2 and 29 .  As aforement ioned ,  
t h e  barid summat ion   procedure   used   for   ca lcu la t ing  PNdB i s  based   on   t ha t  
p roposed   by   S t evens   fo r   l oudness   l eve l .  

Frequency "_ ~. Weigh t ing   fo r  Sound  Level Meters 

Sound l e v e l  meters w i t h   p a r t i c u l a r   f r e q u e n c y - w e i g h t i n g   n e t w o r k s   a r e  
sometimes u s e d  a s  a means o f   e s t i m a t i n g   t h e   p e r c e i v e d   n o i s e  l e v e l  of a 
sound. I t  has   been   sugges t ed   t ha t   such  a f r equency   we igh t ing   be   t he  
conve r se   o f   t he  40-noy con tour ,  a s  shown by Dl i n   F i g .  3 .  Adjus t ing  
t h i s   w e i g h t i n g   b e l o w  355 Hz a c c o r d i n g   t o   t h e   c r i t i c a l  band  concept  would 
r e s u l t   i n   t h e  D2 w e i g h t i n g   a s  shown i n   F i g .  3 .  Also shown i n   F i g .  3 a r e  
t h e   f a m i l i a r  A ,  B,  and C loudness-weight ing  and a contour  D3 which  was 

1 2  
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FIGURE 3 FREQUENCY  WEIGHTINGS FOR SOUND LEVEL METER. Weight- 
ings A, 6, and C are for loudness  (S1.4, 1961, USASI, 10 E. 40th 
Street, New  York, N.Y.). Weightings Dl, D1, and Dg have  been 
proposed for annoyance of  perceived noisiness. D, is proposed by 
Young  and  Peterson32 is plotted  6  dB above i ts  normal reference 
to show i ts  close relation to D, a t  low and  high frequencies. 

proposed   ( and   ca l l ed  [RC]) by Young and   Pe te r son .  The D3 weight ing  
has   been  moved i n   F i g .  3 upward  by 6 dB a t   a l l   f r e q u e n c i e s  f rom  the   u sua l  
l e v e l s   u s e d   f o r   p l o t t i n g   w e i g h t i n g   f u n c t i o n s   ( n a m e l y   s e t t i n g  tharn a l l   t o  
h a v e   e q u a l   w e i g h t   a t  1000 Hz) i n   o r d e r   t o  make e a s i e r  i t s  comparison  over  
a l l   f r e q u e n c i e s   w i t h   t h e  Dl and D2 f r equency   we igh t ings .  

32 

I t  might   be   no ted   tha t   weight ing  Dl would s t i l l  be   the   mos t   appropr i -  
a t e   o n e   t o   b e   u s e d   i n   t h e   e v a l u a t i o n   o f   t h e   r e l a t i v e   n o i s i n e s s   o f   s o u n d s  
c o n s i s t i n g   p r i m a r i l y   o f   s i n g l e   o c t a v e s  or 1/3 oc tave   bands   o f   energy ,   and  
would  be  appropriate  for  broadband  sounds  whose  energy is predominate ly  
above  355  Hz.  However,  inasmuch a s  most n o i s e s   o f  common i n t e r e s t   a r e  
broadband, D2, which   makes   a l lowance   fo r   t he   c r i t i ca l   bandwid ths   o f   t he  
e a r  below  355 Hz, would seem t o   b e  more p r a c t i c a l   a n d   g e n e r a l l y   u s e f u l  
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weigh t ing  to  u s e   w i t h   s o u n d   l e v e l  meters. Some d a t a   o n   t h e   r e l a t i v e   a c -  
cu racy   o f  Dl, D2, and D3 i n   e s t i m a t i n g   t h e   j u d g e d   p e r c e i v e d   n o i s i n e s s  
w i l l  be g i v e n  below. 

To d e t e r m i n e   t h e   r e l a t i v e   a c c u r a c y   o f   t h e   d i f f e r e n t   u n i t s  of phys i -  
c a l   m e a s u r e m e n t .   f o r   p r e d i c t i n g  the judged   perce ived   no is iness   o f   complex  
sounds i t  has   been   cus tomary   to   compare   the   judgment   da ta   wi th   Peak   or  
Max PNLs. Peak PNLs are  c a l c u l a t e d   f r o m   t h e   h i g h e s t   b a n d   l e v e l s ,   a s  
measured  on a typ ica l   roo t -mean- squa re   sound   p re s su re   l eve l  meter, p re s -  
e n t  a t  any time d u r i n g   t h e   o c c u r r e n c e   o f  a sound. A PNL ca lcu la t ed   f rom 
t h e s e   l e v e l s  i,s sometimes c a l l e d  a Peak PNL, sometimes a Composite PNL. 
Max  PNLs a r e   c a l c u l a t e d   f r o m   t h o s e   b a n d   l e v e l s   p r e s e n t   a t   t h e   0 . 5 - s e c  
i n t e r v a l   i n  time when t h e  PNL c a l c u l a t e d  or measured for t h e   s u c c e s s i v e  
such   pe r iods   r eaches  i t s  h i g h e s t   v a l u e .   E f f e c t i v e  PNLs r e p r e s e n t   t h e  
PNLs f o u n d   i n   s u c c e s s i v e   0 . 5 - s e c   i n t e r v a l s   o f  time i n t e g r a t e d   o v e r   t h e  
d u r a t i o n   ( u s u a l l y   b e t w e e n   t h e  times PNL i s  less t h a n  10 PNL below t h e  
maximum  PNL) of  a sound  minus a c o n s t a n t   f o r  some s p e c i f i e d   r e f e r e n c e  
d u r a t i o n .   L a t e r  some r e f e r e n c e  w i l l  be  made t o  a u n i t   c a l l e d   E s t i m a t e d  
E f f e c t i v e  PNL (EEPNL). EEPNL is obta ined   by   adding  t o  t h e   P e a k   o r  Max 
PNL o f - a  sound a number t h a t  i s  10 l o g l o   d u r a t i o n   ( i n   s e c s )   d i v i d e d  by  
a r e f e r e n c e   d u r a t i o n .  

The s u b s c r i p t s   o n   c e r t a i n  PNdB u n i t s ,   t o   b e   c i t e d   l a t e r ,   o f  t l  and 
t 2  r e f e r  t o  s o - c a l l e d   t o n e - c o r r e c t i o n   p r o c e d u r e s ,  t l  be ing   t ha t   p roposed  
by K r y t e r  and  Pearsons  and t 2 ,  tha t   p roposed   by   Spe r ry   o f   t he  FAA."" 
A l s o ,  i t  is  he re in   p roposed   (on   t he   bas i s   o f   l abo ra to ry   f i nd ings   o f   N ixon ,  
von G i e r k e ,  and  Rosinger ,  ) t h a t  a c o r r e c t i o n   t o   c a l c u l a t e d  EPNL was ap- 
p r o p r i a t e   i n   o r d e r   t o   a c c o u n t   f o r   t h e   f a c t   t h a t   t h e   n o i s e  i-n t h e   p e r i o d  
o f   b u i l d u p   i n   i n t e n s i t y  i s  judged  more  annoying  than i s  t k  n o i s e   i n   t h e  
dec reas ing   pe r iod ,   even   t hough   t he   du ra t i ' ons   o f   t he  two p e r i o d s   a r e  com- 
p a r a b l e .   T h i s   h a s   b e e n   l a b e l e d   " o n s e t   c o r r e c t i o n "   a n d  i ts  magnitude is 
found by r e f e r e n c e   t o   F i g .  4 .  When t h e   o n s e t   c o r r e c t i o n  i s  u s e d ,   t h e  
s u b s c r i p t  0 i s  added t o   t h e   u n i t   i n v o l v e d .  

16 
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FIGURE 4 CORRECTION  TO EPNL FOR CONTRIBUTION  TO  PERCEIVED  NOISINESS 
OF  ONSET DURATION  OF  NON-IMPULSIVE SOUNDS.  The data plot is 
from  Nixon, von Gierke,  and  Rosinger20 plotted against a suggested  standard 
onset duration of 3.5 secs. 

Compar ison   of   Calcu la ted   and   Judged   Perce ived   Nois iness  

V a r i o u s   e v a l u a t i o n s   o f   t h e   p r e d i c t i v e n e s s   o f   u n i t s   o f   P e a k  or Max 
PNL ( i n c l u d i n g   l o u d n e s s   l e v e l   u s e d   a s  a u n i t   o f  PNL) f o r   j u d g e d   n o i s i n e s s  
have  been somewhat i n c o n s i s t e n t   f r o m   o n e   g r o u p  of n o i s e s   a n d   c a l c u l a t i o n  
p r o c e d u r e s   t o   a n o t h e r .  Young a n d   P e t e r s o n 3 2   r e c e n t l y   r e c a l c u l a t e d   t h e  
r e l a t i v e   a c c u r a c y   w i t h   w h i c h  a number o f   t h e s e   u n i t s   p r e d i c t e d   t h e  re- 
s u l t s   o f  a numbero f   p rev ious ly   pub l i shed   j udgmen t   da t a   on   t he   pe rce ived  
n o i s i n e s s   o f   a i r c r a f t   n o i s e .  They  found, a s   h a v e   o t h e r s ,   t h a t   t h e   l a t -  
est v e r s i o n s   o f  Max  PNdB, Phons ,   and   ce r t a in   ove ra l l   f r equency-we igh t ing  
n e t w o r k s   p r e d i c a t e d   t h e   r e s u l t s  of t he   j udgmen t  tests w i t h  a v e r y   s i m i l a r  
d e g r e e  o f  a v e r a g e   a c c u r a c y .  

I t  i s  u n f o r t u n a t e   t h a t   i n   n e a r l y   a l l  of t h e   p u b l i s h e d   s t u d i e s  of t h e  
j u d g e d   p e r c e i v e d   n o i s i n e s s  o r  l o u d n e s s  of r e a l - l i f e   n o i s e ,   m e a s u r e m e n t s  
of t h e   b a n d   s p e c t r a   t h a t  were p resen t   p reced ing   and   fo l lowing   t he   Peak  o r  
Max l e v e l s  were n o t   u s u a l l y  made o r ,  i f  made, n o t   r e p o r t e d .  The   dura t ion  
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a n d   c h a n g e s   i n   s p e c t r a   d u r i n g   t h e   o c c u r r e n c e  of a noise   undoubtedly  con-  
t r i b u t e   t o  i t s  j u d g e d   p e r c e i v e d   n o i s i n e s s .  As w e  s h a l l  see l a t e r   t h e s e  
v a r i a b l e s   c a n  make p o s s i b l e  some somewhat spur ious   and   mis leading   conclu-  
s i o n s   a b o u t  how w e l l  a g i v e n   u n i t   o f   P e a k   o r  Max PNL p r e d i c t s   s u b j e c t i v e  
p e r c e i v e d   n o i s i n e s s   o f  a g iven   sound   o r   sounds .  

I n   a n   a t t e m p t  t o  determine  which  of  these va r ious   un i t s   o f   measu remen t  
b e s t   p r e d i c t s   j u d g e d   p e r c e i v e d   n o i s i n e s s   o f ,   p r i m a r i l y ,   a i r c r a f t   n o i s e ,  a 
somewhat d e t a i l e d   e x a m i n a t i o n  is made below  of   judgment   data   that   can  be 
r e l a t e d   t o  Max  PNL u n i t s ,   a n d   d a t a   t h a t   p e r m i t   t h e   u s e   o f   b o t h  Max and E f -  
f e c t i v e  PNL u n i t s .  

Max  PNL 

In   Tab le  I a r e   p r e s e n t e d   a l l   t h e   p a i r e d - c o m p a r i s o n ,   e q u a l   n o i s i n e s s  
d a t a  w e  c o u l d   f i n d   t h a t   p e r m i t s  a comparison  between  judged  perceived 
n o i s i n e s s   o f   p r i m a r i l y   a i r c r a f t   n o i s e   a n d  Max  PNL. 

The  judgment  data were o b t a i n e d   i n   t h e   v a r i o u s   s t u d i e s ,   a s   i n d i c a t e d ,  
a n d   t h e   o b j e c t i v e   p e r c e i v e d   n o i s e   l e v e l s  were c a l c u l a t e d   f r o m  1/3 or oc- 
t a v e  band s p e c t r a   o f   t h e   n o i s e s  by  means o f   compute r   rou t ines .  When not  
a v a i l a b l e   a t   S t a n f o r d   R e s e a r c h   I n s t i t u t e  or r e p o r t e d   i n   t h e   p u b l i s h e d  
l i t e r a t u r e ,   t h e  band   spec t r a  were k i n d l y   f u r n i s h e d   t o  u s  by t h e   v a r i o u s  
i n v e s t i g a t o r s .  

I t  i s  s e e n   i n   T a b l e  I t h a t ,   o n   t h e   a v e r a g e ,   t a k i n g   i n t o   a c c o u n t   t h e  
c r i t i c a l   b a n d w i d t h   o f   t h e   e a r  below  355 Hz e i t h e r  by  f requency  bands 
(PNdB-M) or o v e r a l l   f r e q u e n c y   w e i g h t i n g  (D2)  improves  the  general   accu-  
r a c y   o f   t h e   u n i t s   o f   m e a s u r e m e n t   i n   t h e   p r e d i c t i o n   o f   j u d g e d   p e r c e i v e d  
n o i s i n e s s ;   t h a t  i s ,  o n   t h e   a v e r a g e  dB(D2) d o e s   s l i g h t l y   b e t t e r   t h a n , d B ( D 1 )  
and  dB(D3),  and PNdB-M d o e s   b e t t e r   t h a n  PNdB. Improvements  of  2-3 dB a r e  
n o t e d   i n   t h e   W a l l o p s  tests when low- f requency   a i r c ra f t   no i se   ( f ixed -wing  
p r o p e l l e r  [1049G] a n d   h e l i c o p t e r )  was   j udged   aga ins t   t he   h ighe r - f r equency  
no i se   f rom j e t  a i r c r a f t ,   s u c h   a s   t h e  880. As might   be   expec ted ,   the  re- 
s u l t s  o f  D and PNdB-M w i t h   t h e  j e t  a i r c r a f t   v s  j e t  a i r c r a f t   n o i s e s  d i d  
n o t   d i f f e r   a p p r e c i a b l y   f r o m   t h e   r e s u l t s   f o r  Dl and PNdB, r e s p e c t i v e l y .  

2 

I d e a l l y ,   t h e   d i f f e r e n c e s   b e t w e e n   t h e   p h y s i c a l   u n i t s  and the   psycho-  
l o g i c a l   j u d g m e n t s   s h o u l d ,   o f   c o u r s e ,   b e  zero. For any   one   ca se  a d i f f e r -  
ence   can   be   due   t o :  (1) a f u n d a m e n t a l   d i f f e r e n c e   i n   t h e   r e l a t i v e   v a l u e  
a s c r i b e d   t o   t h e   s p e c t r a l - t e m p o r a l   c h a r a c t e r i s t i c s   o f   n o i s e  by a u n i t   o f  
physical   measurement   and  by  the human l i s t e n e r s ,   a n d  ( 2 )  exper imenta l  er- 
ror, e i t h e r   i n   t h e   p h y s i c a l   m e a s u r e m e n t s   a n d   t r e a t m e n t   o f   t h o s e   d a t a ,   a n d /  
or i n   s u b j e c t   u n r e l i a b i l i t y .  

11 



Table I 
SHOWING THI AMRAGE DIFFERENCE Bm'WBBN REFERENCE AND COYPARISW  MOISXS (Col. D) and STANDARD DLVUTION (Col. 8 )  

8xperinent 

lobinson and B w ~ h e r ~ ~ ~  

Pearsons,  tlelio-S610 8 

Pearsons. Helio-D610 8 

Hlnterkeuser , et  a1373 12 

lllerhead592  35 

Yryter - Indoor444 10 

Kryter - Outdoor444 5 

Kryter and pear son^^^^ ? b l . l A  4 

Kryter 8nd ~ e a r s o n s 4 6 5  nl. IB 4 

Kryter and pear son^^^^ Tb1.U  4 

Kryter  and P e r n r ~ o n s ~ ~ ~  Tbl. 28 4 

k y t e r  and ~ e a r s o n s 4 6 6  8' 

tlecker and KryterS1 Tbl.XIV 11 

Kryter,  Johnson snd Young 
Edwards 479 4 

Kryter,  Johnson 8nd Young 
Wallops  (880 reference)  474 12 

Kryter,  Johnson .and Young 
Wallops  (lM9G  reference)474 2 

N = 143 

Aver.  Dif;. (D) 

Stand. Dev. (S) 

OF nm DIFFKRMCES mR EAcn UNIT OF w[ PNL, 1 
F 

U X  

dB(DZ) 

(Dl  (S) 

1 .0  1.1 

Of 1.6 

0.4 1 .5  

1.5 2.6 

2.6 3.7 

1.9 3.5 

4.0 2.8 

3.5 0.6 

-1.6 1.9 

-1.0 2.5 

5.7 0.9 

1.6 2.5 

4 . 6  2.4 

-0.8 2 . 1  

1.9  1 .9  

0.1  4.0 

-0.9  2.9 

1.6 

3.3 , Percentage of t i n e  a un i t  w i l l  
predict   judged PNL within 5 2  4 1  

24 73 I t  ,, ., 
I 

Max 
PNdB-Y 

(D) (S) 

1.1 1.8 

0 1.5 

.0.4 1 .6  

1.1 2.8 

2.0 3.9 

.0.6 3.4 

3 .9  2.2 

3.7 0.7 

-1.3 3 . 0  

-1.0 1.9 

-7.4 1.1 

2.7 1.6 

2.5 2.5 

-3.2 1 . 6  

1.5 1.7 

2.9  3.9 

2.6 3 .0  

0 . 6  

3.6 

41 

73 
" 

Phons 
Y P X  

(D) ( A )  
1.2 2.8 

0 1.5 

-0.8 1.7 

0.4 2.5 

1.4 3 .4  

-1.5 3 .1  

3.9 2.2 

4.0 1.0 

-2.0 2.8 

0.2 2.2 

7 . 2  1.0 

3 .9  1.2 

4.3 2 . 0  

-3.0 1.8 

2.3  1 .9  

1.3 4.2 

-5.8  2.6 

0.3 

3 .8 

40 

70 

YPX 

PNdB 

( D l  (S) 

1.3 2.5 

0 1.4 

-0.9 1.7 

0.6 2.8 

1.9 4.0 

-2.1 3.5 

4.4 2.5 

3.7 1 . a  
-1.5 3 .1  

-0.9 1.8 

7.4 1 . 2  

3 .6  1 . 4  

2.2 2.6 

-3.8 l . E  

1 .5  1.1 

1.8 4.c 

-5 .6 2.6 

0.1  

4 . c  

38 

68 

T PNdBt Y 

(D) (S) 

1.1 1.8 

0 1.2 

-0.9 1.5 

0 .7  2.8 

2.0  3.9 

-1.1 3.4 

3.9  2.2 

3.7  0.7 

-1.3 3.0 

-1.0 1.9 

7.4 1.1 

2 .7   1 .6  

2.0  3.2 

-4.5 1 .9  

1 

-3.9  3.0 

2 . 9  4 . 3  

4 . 4  3.8 

0.2 

4 .0  

38 

68 

PNdBt I 

(D) (SI 

2.1 1.1 

0 2.6 

0.1 1.8 

0.1 3 .0  

2.4 4.0 

4.0 3.8 

3.6 2 .3  

4 . 0  1.7 

e . 2  2 .2  

.1.0 3.2 

5.9 1.5 

2 . 9  2 .9  

4.5 1.7 

1.7 1.1 

.1.9  1.7 

2.7  3.3 

4 . 5  3.7 

2.0 

3.7 

36 

66 

d8(D1) 

(D) ( 8 )  

1.9 2.2 

0 1.7 

0.1 2.2 

0.9 3.1 

1.4  4.1 

0 . 6  3.5 

4.9  3.3 

3.9  1.0 

-1.8 2.3 

-1.3 2.6 

6 . 6  0.9 

3.1 2.4 

4.2 2.4 

-0.9 2.0 

2 .1   2 .1  

1.0  3.8 

-5.3 2.7 

1.1 

3.1 

39 

65 

PNdBtl  PWdBtZ 
(D) (9) 

3.8 2.7  3.6 1.1 

5.9 1.6 7.4  1.2 

-1.3 3.2 -1.3 2.0 

-2.4  2.3 -1.5 3.1 

4.0  2.0 3.7  1.0 

4.0  2.7 4.4  2.5 

2.5  3.9 -2.5  3.5 

2.2  4.2 1.9  4.0 

-0.4 3.0 0.2  2.7 

-0.4 1.8 -1.3 1.7 

0 2.5 0 1.0 

-1.0 0.8 1.3 2.5 

(D) ( 8 )  

1.6 3.2 

- 5 . 0  1.7 

-3.7  2.3 

3.2  4.4 

-5.4  3.4 

-0.2 

4.3 

35 

65 

4.2 1.5 

1.2 1.1 

-1.9 1.2 

2.5 3.3 

-4.8  3.3 

1 .6  

3.7 

37 

61 

dB(D3) 

(D) (8 )  

6 . 7  1.2 

0 2.1 

1.6 1.4 

2.6  2.5 

3.4 3.5 

7.0  3 .7  

1.2  1.7 

2.7  1.2 

0.2 1.5 

0.2  2.2 

4.6 1.1 

-0.3 2 .2  

9.3  2.3 

2.1  2.1 

1.8 1.3 

-0.7 3.6 

-3.0 2.1 

3.1 

4.2 

28 

53 

/ One j e t   a i r c r a f t .  one d i e se l   t r a in .  and s ix   f i l t e r ed   r andm  no i ses .  

In  the Robinson and Bwsher  study  each of the   f ive   no ises  vas judged  against  each of the   o ther   no ises  and the  average  difference is  therefore  met 8t 0. 

dB(A) 

(D) ( 8 )  

0.6 1.3 

0 2.0 

1.0 1.8 

2 .3  2.8 

3.7 3.8 

4.a  3.5 

3.1 2.9 

5 . 1  1.4 

0 .6  3.3 

0.2 1.5 

7 .8  1.8 

2 .8  1.5 

10.7 2.0 

3.3 2.3 

4.0  2.4 

-1.2 3.3 

-6.1  2.0 

3.1 

4.3 

28 

53 

dB(C) 

(0) ( 8 )  

4.0 8.1 

D 3.1 

-0.7 3.7 

0.4 4.4 

-0.7 5.3 

-4.4 5.0 

8.9 6.0 

9.0 4.8 

-1.9 7.0 

-1.0 5.4 

14.8 2.8 

11.8 0.7 

8.7 6.1 

2.a 3.6 

5.4 5.1 

1.9  5.6 

-0.1 5.5 

1.1 

7: 3 

20 

42 



I 

A s  i m p o r t a n t   a s   t h e   a v e r a g e   d i f f e r e n c e s   a r e   t h e   s t a n d a r d   d e v i a t i o n  
v a l u e s .  I t  is, o f   c o u r s e ,   p o s s i b l e   f o r   t h e   a v e r a g e   d i f f e r e n c e   t . a k e n  
o v e r  a w i d e   v a r i e t y   o f   . n o i s e s  t o  be   nea r  zero and  y e t  have a r e l a t i v e l y  
l a r g e   s t a n d a r d   d e v i a t i o n   i f  some of t h e   d i f f e r e n c e s   a r e   p o s i t i v e   a n d  some 
n e g a t i v e   w i t h   r e s p e c t  t o  a g i v e n   r e f e r e n c e   n o i s e .   T h e   u n c e r t a i n t y   i n   p r e -  
d i c t i n g   t h e   s u b j e c t i v e   j u d g m e n t s  by  means of a g i v e n   u n i t  o f  measurement 
i s  a f u n c t i o n  of b o t h   t h e   a v e r a g e   d i f f e r e n c e   a n d   t h e   d e v i a t i o n   o f  these 
d i f f e r e n c e s ' f r o m  a mean d i f f e r e n c e .  

Re la t ive   Average   Accuracy   o f   t he   Un i t s  

Be ing   based   on   t he  same f u n d a m e n t a l   b a n d   o r   o v e r a l l   s p e c t r a l   p h y s i -  
c a l   m e a s u r e s ,   t h e   v a r i o u s   u n i t s   o f  PNL t e n d   t o   b e   h i g h l y   c o r r e l a t e d ,   e . g . ,  
t h e y   a l l   i n c r e a s e  a n d   d e c r e a s e   i n   v a l u e   a s   t h e   s o u n d   p r e s s u r e   l e v e l   o f  a 
g i v e n   n o i s e   i n c r e a s e s  or d e c r e a s e s   a n d   a l l   t h e   u n i t s   g i v e  more w e i g h t   t o  
t h e   m i d - t o - h i g h e r   t h a n   l o w e r   f r e q u e n c i e s .   B e c a u s e   o f   t h i s   c o r r e l a t i o n  
f a c t o r   t h e   s t a t i s t i c  "t" t h a t  i s  commonly u s e d   f o r   e v a l u a t i n g   t h e   s t a t i s -  
t i c a l   s i g n i f i c a n c e   b e t w e e n  test d a t a   g i v e   r e s u l t s ,  when a p p l i e d   t o   t h e s e  
d a t a ,   t h a t   a r e  somewhat d i f f i c u l t   t o   i n t e r p r e t   i n  a meaningful way. For 
example ,   the  t t e s t ,  see T a b l e s  I1 and 111, show t h a t ,   e x c e p t   f o r   d B ( C ) ,  
t h e   a v e r a g e   d i f f e r e n c e s   b e t w e e n   a l l   p a i r s   o f   t h e   u n i t s   d i f f e r   f r o m   e a c h  
o t h e r   a t   t h e  5% l e v e l   o f   s t a t i s t i c a l   c o n f i d e n c e   o r   p r o b a b i l i t y .  A t  t h e  
1% l e v e l  of p r o b a b i l i t y ,   t h e  mean d i f f e r e n c e   i n   p r e d i c t i o n   a c c u r a c y   b e -  
tween  only a f e w   p a i r s   o f   u n i t s ,   i n   a d d i t i o n   t o   d B ( C ) ,   a p p e a r   t o  be not  
d i f f e r e n t .  I t  would  appear   f rom  the t s t a t i s t i c   t h a t   e a c h   o f   t h e   u n i t s  
of  measurement,   except  dB(C),   has some u n i q u e   r e l a t i o n s   b e t w e e n  sets o f  
p a i r s   o f   r e f e r e n c e   a n d   c o m p a r i s o n   n o i s e s ,   a l t h o u g h   t h e   a v e r a g e   d i f f e r e n c e s  
f o r   e a c h   u n i t   t a k e n   o v e r   a l l   t h e   r e f e r e n c e a n d c o m p a r i s o n   n o i s e s   a r e   n o t  
g r e a t l y   d i f f e r e n t   f r o m   e a c h   o t h e r .  A s  a r e s u l t  t h e   a v e r a g e   o f   t h e   d i f f e r -  
ences   be tween   t he   phys i ca l   un i t   va lues   o f   t he   r e f e rence   and   compar i son  
n o i s e s   d o e s   n o t   p r o v i d e  a s u f f i c i e n t   y a r d s t i c k   f o r   c h o o s i n g   t h e   u n i t s   o f  
phys i ca l   measu remen t   t ha t   bes t   p red ic t   t he   p sycho log ica l   j udgmen t s ,   and  
t h e   s t a n d a r d   d e v i a t i o n s   o f   t h e s e   d i f f e r e n c e s   a r e   n o t ,   a c c o r d i n g   t o   t h e  
t t e s t ,  p a r t i c u l a r l y   u s e f u l   f o r   t h i s   p u r p o s e   b e c a u s e   o f   t h e   a f o r e m e n -  
t i o n e d   c o r r e l a t i o n   f a c t o r .  

R e l a t i v e   A c c u r a c y   i n   T e r m s   o f   V a r i a b i l i t y  
" . . . . . . 

A search  was made by a c o l l e a g u e ,  P.  J .  J o h n s o n ,   f o r  a procedure  
w h e r e b y   o n e   c o u l d   e v a l u a t e   t h e   s t a t i s t i c a l   s i g n i f i c a n c e   o f   d i f f e r e n c e s '  
b e t w e e n   t h e   v a r i a b i l i t y   ( s t a n d a r d   d e v i a t i o n s )   i n   c o n t r a s t   t o   t h e   a v e r -  
a g e   a c c u r a c y   o f   t h e   v a r i o u s   u n i t s   o f   m e a s u r e m e n t .   B e c a u s e   t h e   v a r i o u s  
u n i t s ,   a s   a f o r e m e n t i o n e d ,   a r e   n o t   i n d e p e n d e n t   o f   e a c h   o t h e r ,   t h e   s t a n d a r d  
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Table I1 l%ST (“t”) OF STATISTICAL  SIGNIFICANCE OF DIWERWCES B m E N  1M UNITS OF PNL 

Yeasuremnt   Difference  (d)  1. 
Unit.  of * Aver. 

I N  THEIR PREDICTION OF JUDGED PNL N R  DATA I N  T M U  I 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

D l  
D l  

D l  
D l  

D l  
D l  

D l  
D l  
D l  
D2 
D2 
D2 

D l  
C 

D7, 
D3 

PMI 
PN 
T1 
Tz 

PNH 
HTl 
m 

D l  
D2 
03 

PHN 

T1 
PN 

Tz 
PNM 

YTZ 
HTl 

PHN 
D3 

PN 
T1 

PNH 
T2 

HT1 
MT2 

PHN 
D3 

PN 

rn 

2.0 
1 . 9  

-0.0 
1.5  

2 . 8  
2 .9  
3 .2  
1 . 5  
2.5 

1 . 0  
2 . 8  

-0.5 
-0.0 

-2.0 

1 . 0  
.8 

-0.5 
1 . 3  

.5  

. 9  
-0.9 
-0.5 
-2.0 

1 .0  
.9  

1,3 
-0.5 

. 5  

-0.9 
. 9  

-1.5 
1.3 
1.4 

.53  

.76 

.76  

.85 

.63 

.58 

.45 

.76 .. 64 

.76 

.49 

.74 

.48  

.e4 

.06 

.68 

.78 

.55 

. 7 1  

.41 

.59 

.57 

.91  

.92 

.92 

.87 

. 83  

.95  

.85 

.81 

.70 

. 7 8  

.80 

Devia t ion’  
s tamiard  

Of 

[S(d) l  
Di f fe rences  ++ 

6.2 

2 .8  
2 .8  

3 .5  
2 .3  

4 . 5  
3.8 

2 .8  
3 .4  
4.2 
2 . 8  

6.4 
5.2 

4 .6  
8.2 

4 . 9  
5 .4  
6 . 1  
5.4 

6.7 
5.9 

1 . 5  
3.7 
1 . 5  

2.4 
1.6 

1 . 9  
1.2 
2 .1  

3.0 
2 . 3  

2.4 
2.4 

3.7 
8 .2  
6 . 4  

-0 .2  
9.7 
9 .2  
8 .6  
6 . 2  
8 .7  
8.1 
4.4 

- 0 . 0  
-0.9 
-2.9 
2.2 
2.4 

-1.0 
2 .9  

1 . 2  
1 . 8  

-1.7 

-6.3 
-3.6 

6.7  
7.5 
6 . 6  
-3.0 

4.9  
5.2 

-4 .8 
-6.1 
6.4 
7 . 1  

basurement* 
Units  of 

rn TI 
m n  
D2 PNY 
DZ HT1 
02 YTZ 

D 3  PN 
D3 PHN 

D3 T1 
D3 TZ 

D3 HTl 
D3 PNH 

D3 YT2 
PHN PN 

PHN n 
PHN T1 

PHN PNY 
PHN HTl 
PBN YT2 

PN T1 

PN PNH 
PN T2 

PN YT2 
PN YT1 

T1 T2 
T1 PNH 
T1 HT1 
TI YT2 
T2 PNH 
T2 HT1 

PNH UT1 
T2 UT2 

PNH YT2 
rp1 m 

Difference  (d) 
Aver. 

-0.0 
1.8 

1 . 0  
1.3 

-0.5 
2 .8  
3.0 
3.3 

2.5 
1 .5  

2 . 9  
1.0 
.1 
.4 

-1.3 
-0.3 

-1.8 
.o  

.3 

-0.5 
-1.5 

-0.1 
-1.9 

-0.8 
-1.8 

-2.2 
-0.4 

1 . 0  

-0 .5 
1.4 

.3  

-1.8 
-1.5 

r 
.74 
.83 
.87 
.80 
.83 
.34 
.32 

.68 

.25 

.46 

.37 

.97 

.77 

.76 

.90 

.87 

.95 

.64 

.95 

.76 . 98 

.64 

.92 

.92 

.75 

.98 

.63 

.77 

.80 

.94 

.97 

.73 

.72 

- 

Standard 
Devia t ion  

Dif fe rences  
Of 

La(d)l 
2.9 
2 . 1  

2.4 
1.8 

2 .1  
4 .6  
4 .8  
5.2 
3.2 
4 . 1  
4.6 
2 . 7  

.9  

2 . 6  
1 . 9  

2 . 0  
1.2 

3.2 
1.4 
2.7 

. 9  
1 . 6  
3.3 
2 . 9  
1.7 

3 . 5  
.9  

2.3 
2.6 

1.4 
. 9  

2.9  
2.7 

-0.2 
7.2 

6 . 6  
6 . 6  

-2.8 

7.4 
7 .4  

7.5 
5 . 6  
7.3 
7 .4  
4 . 7  
1 .8  
2 . 8  

-6 .0  
-3.2 

-6 .6 
. 1  

-6 .6  
2.7  

-6.3 

-7.1 
-0.9 

-7.2 
-5.5 
-5.9 
-7.6 

5 . 4  

-6.2 
6.3 

-6.6 
2 . 8  

-7.3 

N = 143 S i g n i f i c a n t   d i f f e r e n c e   a t  5% l e v e l  of conf idence   i f  t l e s s   t han   -1 .9   o r   g rea t e r   t han   1 .9  

*A, aB(A); C, dB(C); Dl, dB(D1); D2, dB(D2); D3, dB(D ) ;  PHN, Phon (S tevens) ,  PN,  PNdB; T1, PNdBt ; ~ 2 ,  pNdBt ; p ~ y ,  

PNdB-Y;  YT1,  PNdBt Y ;  m, PNdBt Y. 
1 2 

1 2 

** The test  s t a t i s t i c   d o e s   n o t   r e q u i r e   t h e   a s s u m p t i o n   o f   i n d e p e n d e n c e  
o f   t h e  two u n i t s  (see W. J .  Dixon  and T. J .  Yassey ,  J r . ,  “ I n t r c d u c -  
t i o n   t o   S t a t i s t i c a l   A n a l y s i s , ”   Y c C r a w - H i l l ,  New York,  1967) 

t =  
- - -  

where  d  is x1 -x 
S ( d )  2 ‘  

o r ,   a s  sometimes w r i t t e n  V-z 

1 N-1 

x i o  t h e   d i f f e r e n c e   b e t w e e n   t h e   c o m p a r i s o n   e n d   r e f e r e n c e   n o i s e  when j u d g e d  
e i u s l  for one   measure   (e .g . ,   dB(A))  

x is t h e   d i f f e r e n c e   b e t w e e n   t h e   c o m p a r i s o n   a n d   r e f e r e n c e   n o i s e  when  judged 
e e u a l   f o r  P second  measure  (e.g. ,   dB(C)) 
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T a b l e  I11 

UNITS  OF MAX PNL  THAT  ARE  NOT SIGNIFICANTLY  DIFFERENT FROM 
EACH OTHER I N  THEIR  PREDICTIONS  OF  THE JUDGED PERCEIVED NOISINESS OF 

136 AIRCRAFT, 1 DIESEL  TRAIN, AND 6 FILTERED RANDOM NOISES 
(N = 143.   See   Table  I and   Table  11) 

1% P r o b a b i l i t v  5% Probabi  1 i t  v 

t h a t  dB(C) i s  n o t   d i f f e r e n t   t h a n :   t h a t  dB(C) i s  not  d i f f e r e n t   t h a n :  

D D Phon, PNdB,  PNdBt , 
1’ 2’ 

2 

PNdB-M,  PNdB M ,  PNdB-M 
t 
1 

t 
2 

D D PNdB , PNdB-M, 
1’ 2’ t 

2 

PNdB M ,  PNdB M 
t ‘  
1 

t 
2 

t h a t  dB(D ) i s  n o t   d i f f e r e n t   t h a n :  A l l  o t h e r   p a i r s   o f   u n i t s   d i f f e r  
s i g n i f i c a n t l y   f r o m   e a c h   o t h e r   a t  2 

PNdB g r e a t e r   t h a n  5% Level  of  Proba- 
2 b i l i t y  

t h a t  Phon i s  n o t   d i f f e r e n t   t h a n :  

PNdB M 
t 
1 

t h a t  PNdB is n o t   d i f f e r e n t   t h a n :  

PNdBt M 
1 

A l l  o t h e r   p a i r s   o f   u n i t s   d i f f e r  
s i g n i f i c a n t l y   f r o m   e a c h   o t h e r   a t  
g r e a t e r   t h a n  1% Level   of   Proba-  
b i l i t y .  
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so -ca l l ed  "f" test is n o t   a p p r o p r i a t e .  Young and  Peterson3'  employed, 
f o r   c o m p a r i n g   s t a n d a r d   d e v i a t i o n s   o f   d a t a  similar t o  t h o s e   a t   h a n d ,  a 
s t a t i s t i c   c a l l e d  "M." which i s  somewhat l i k e   t h e  t t e s t ;   h o w e v e r ,   t h i s  
s t a t i s t i c ,   a s  a l l  o t h e r s  w e  were a b l e   t o   f i n d ,  a re  n o t   a p p r o p r i a t e   f o r  
c o m p a r i n g   t h e   s t a n d a r d   d e v i a t i o n   d a t a   b e c a u s e   o f   t h e   i n t e r d e p e n d e n c e   o f  
t h e   d a t a .  

R a t h e r   t h a n   a t t e m p t   t o   u s e   s t a t i s t i c a l  tests o f   s i g n i f i c a n c e   o f   t h e  
r e l a t i v e   a v e r a g e   a c c u r a c y   a n d   v a r i a b i l i t y   i n   a c c u r a c y   o f  the d i f f e r e n t  
u n i t s   o f   m e a s u r e m e n t   i n  the i r  p r e d i c t i o n   o f   j u d g e d   p e r c e i v e d   n o i s i n e s s ,  
P .  J .  Johnson  and I developed the fol lowing  argument   and  procedure.   Let  
u s  presume t h a t  a p e r s o n   h a s   t a k e n   p h y s i c a l   m e a s u r e s   o f   a n y   p a i r   o f   a i r -  
c r a f t   n o i s e s   c h o s e n   a t  random  from  those tested i n   t h e s e   s t u d i e s   a n d   t h a t  
t h e s e   m e a s u r e s   a r e ,   i n   t u r n ,   c o n v e r t e d  (or a r e  made d i r e c t l y )   i n t o   o n e  
o f   t h e  Max uni t s   o f   measurement .  One o b v i o u s   q u e s t i o n   t o   b e   a s k e d  i s  
which   un i t  w i l l  be i n   c l o s e s t   a g r e e m e n t   a n d  how o f t e n ,   w i t h   r e s p e c t   t o  
t h e   j u d g e d   p e r c e i v e d   n o i s i n e s s   o f  t h e  a i r c r a f t   s o u n d s .  

To a n s w e r   t h i s   q u e s t i o n  w e  h a v e   t a b u l a t e d   i n   T a b l e s  I and I V  t h e   p e r -  
cen tage   o f  time the   va lue   o f   each   o f   t he   un i t s   o f   measu remen t   wou ld  be 
w i t h i n   f 2  and f 4  "dBtt  u n i t s   o f  t h e  j u d g e d   p e r c e i v e d   n o i s e   l e v e l   f o r   a n y  
a i r c r a f t   n o i s e s   c h o s e n   a t  random  from  those tested. Th i s   pe rcen tage  i s  
t h e   n o r m a l   p r o b a b i l i t y   t o   b e   e x p e c t e d   b a s e d   o n   t h e  number or p o r t i o n   o f  
s t a n d a r d   d e v i a t i o n s   o f  a g i v e n   u n i t   t o   b e   f o u n d   b e t w e e n   t h e   a v e r a g e   d i f -  
f e r e n c e   t y p i c a l   f o r   t h a t   u n i t   a n d   t h e   c r i t e r i o n   o f   f 2  or f 4  u n i t s   f r o m  
exac t   agreement   wi th   subjec t ive   judgments .   The   genera l   concept  i s  i l l u s -  
t r a t e d   i n   F i g .   5 .  

The  bottom  rows  of  Table I and  columns 3 and 4 of   Table  I V  can be 
i n t e r p r e t e d   a s  showing t h e  pe rcen tage   o f  times a g i v e n   u n i t  w i l l  have 
a n   " a c c u r a c y "   i n   p r e d i c t i n g   j u d g e d   p e r c e i v e d   n o i s i n e s s   o f  f2 or f 4 .  u n i t s  
o f   m e a s u r e m e n t   ( o t h e r   d i f f e r e n c e   c r i t e r i a   c o u l d ,   o f   c o u r s e   b e   u t i l i z e d ) .  
For   example,   about   the same p e r c e n t a g e   o f   t h e  time (53%) Max d B ( A )  i s  
w i t h i n  f 4  dB u n i t s ,  Max dB(D2) (51%) i s  w i t h i n  f 2 . 5  dB u n i t s ;  or, i n  
o t h e r  terms, Max dB(D2) w i l l  p r e d i c t   t h e   j u d g e d   p e r c e i v e d   n o i s i n e s s   o f  
about  50% o f   t h e   a i r c r a f t   n o i s e s   w i t h i n  a r ange   o f  5 dB u n i t s ,   a n d  Max 
dB(A)  w i t h i n  a r ange   o f  8 dB u n i t s .  A s  w i t h   a l l   s t a t i s t i c s ,   t h e   p r a c -  
t i c a l   s i g n i f i c a n c e   o f   t h e   d i f f e r e n c e s   i n   t h e  summary p e r c e n t a g e   f i g u r e s ,  
a s  well a s  t h e  s t a n d a r d   d e v i a t i o n   v a l u e s ,   a r e  a matter  of  judgment  and 
t h e   c i r c u m s t a n c e s   i n   w h i c h   n o i s e   e v a l u a t i o n s   a r e  t o  be made;  however,  an 
improvement  of  but f 0 . 5   ( a   r a n g e   o f  1) i n  "dB u n i t s "  would   represent  a 
d i f f e r e n c e   o f   a b o u t  20% i n   a c o u s t i c a l  power  and  from a p r a c t i c a l   p o i n t  
of  view  would  probably be s i g n i f i c a n t .  I t  might be n o t e d   t h a t   t h e   a v e r -  
age   judgments   o f   g roups   o f   50  or more p e o p l e   a b o u t   t h e   r e l a t i v e   p e r c e i v e d  
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Table I V  

AVERAGE OF RESULTS OF 16 STUDIES OF JUDGED PERCEIVED  NOISINESS 
143  Noises.  (See  Table I )  

% Times % Times 
Between  Between  Average  Standard 

- Rank Noise Measurement -2 and  +2 -4 and +4 Average % Difference  Deviat ion 

1 Max dB(D2) 41  73  57 1.6 3.3 

2 l a x  PNdB-M 41  73 57 0.6 3.6 

3 Max Phons  40  70  55 0.3 3.8 

4 Max  PNdB 38 68  53 0.1 4.0 

5 Max  PNdBt M 38 68 53 0.2 4.0 
1 

6 

7 

8 

9 

10 

11 

Max  dB(D ) 39 65 52 1.1 3.7 

Max  PNdB M 36  66  51  2.0  3.7 

Max  PNdBt 35  65 50 -0.2 4.3 

Max  PNdBt 37  61  49  1.6 3.7 

Max dB(D3) 28  53  41 3.1 4.. 2 

Max dB(A) 2g 53   41  3.1  4.3 

1 

t2 

1 

2 

12 Max dB(C) 20  42 31 1.1 7.3 



0.14 

0.08 
A 

-I P 0.04 
0 
L 

0 
- 

MEAN: -0.6 
S: 3.1 

-5 

-4 I -3 

-2 1 4 

MEAN -S MEAN  MEAN +S 

FIGURE 5 SCHEMATIC  DIAGRAM SHOWING STATISTICAL  METHOD 
USED  FOR EVALUATING  ACCURACY OF UNITS 
OF MEASUREMENT FOR ESTIMATING  JUDGED PER- 
CEIVED NOISINESS. Zero (0 )  on  the scale is "true" sub- 
jective  rating given by listeners; a -1 indicates that  the 
physical measurement (PNdB, dB(D), Phon,  etc.) underesti- 
mates the judged noisiness by a 1 "dB" unit, a +1 indicates 
an  overestimation, etc. The  curve is  an example of  the ex- 
pected accuracy of a unit of measurement (EPNdBM)  that 
has  been found by test t o  have given average difference of  
-0.6 from judged noisiness and a given standard  deviation of 
those  differences of 3.1. 
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n o i s i n e s s   o f  two a i r c r a f t   n o i s e s   u s u a l l y   h a s  a test-retest r e l i a b i l i t y  
s u c h   t h a t  a d i f f e r e n c e   o f  more  than . 5  dB i n   n o i s e   l e v e l  i s  pe rce ived  
wi th  a s t a t i s t i c a l   l e v e l   o f   c o n f i d e n c e   e x c e e d i n g  1%; t h i s   f o l l o w s   f r o m  
t h e   f a c t   t h a t   s t a n d a r d   d e v i a t i o n s   o f   a b o u t  3 dB, and  product  moment cor- 
r e l a t i o n s   o f   a b o u t  0.5 a r e   t y p i c a l   f o r   t h e s e  judgment   data .  

Max a n d   E f f e c t i v e  PNL, Inc luding   Tone   and   Onse t   Dura t ion   Correc t ions  

Judgment tests o f   a i r c r a f t   n o i s e   c o n d u c t e d   a t  Wallops" p r o v i d e   t h e  
o n l y   e x t e n s i v e   f i e l d  tests f o r   w h i c h   a r e   a v a i l a b l e   t h e   a c o u s t i c a l   d a t a  
t h a t   p e r m i t  a c o m p a r a t i v e   e v a l u a t i o n   o f   t h e   r e l a t i v e   a c c u r a c y   o f   b o t h  Max 
a n d   E f f e c t i v e   u n i t s   o f  PNL i n   p r e d i c t i n g   j u d g e d   p e r c e i v e d   n o i s i n e s s .  Ta- 
b l e s  V and V I  summarize i n   t h i s   r e g a r d   t h e   d a t a   o b t a i n e d   a t   W a l l o p s .  

. I n t e r p r e t a t i o n  ~~ of   t he   Da ta  

I f   o n e   a c c e p t s :  (1) t h e   c r i t e r i o n   t h a t  a change  of .5  dB in   nominal  
sound p r e s s u r e  l e v e l  i s  a ma t t e r   o f   p rac t i ca l   phys i ca l   impor t ance ,   and  
( 2 )  a c r i t e r i o n   t h a t   t h e r e  m u s t  be   agreement   between  judged  and  predicted 
p e r c e i v e d   n o i s i n e s s ,  some g i v e n   p e r c e n t a g e   o f   t h e  time i t  f o l l o w s   t h a t  a 
d i f f e r e n c e   i n   p r e d i c t i v e   a c c u r a c y   b e t w e e n  two u n i t s   o f   a b o u t  4% o f   t h e  
time i s  s i g n i f i c a n t .   T h i s   f o l l o w s   f r o m   t h e   f u n c t i o n   i n   F i g .  6 ,  where   t he  
c h a n g e   i n   p e r c e n t a g e   o f  time t h e   a v e r a g e   u n i t   o f   p r e d i c t i o n  will b e   w i t h i n  
a g iven   range   of   accuracy  i s  p l o t t e d   f o r   t h e   a v e r a g e   o f   t h e   s t a n d a r d   d e -  
v i a t i o n s   a n d   d i f f e r e n c e s   f o u n d   i n   t h e   W a l l o p s  s t u d y .  I t  i s  s e e n   t h a t   t h e  
s l o p e   o f   t h i s   f u n c t i o n  i.s s u c h   t h a t  a change  of . 5  dB i n   r a n g e   o f   a c c u r a c y  
i n   p r e d i c t i o n  i s  e q u a l   t o  a change  of 4 p e r c e n t a g e   p o i n t s .  

On t h e   b a s i s   o f   t h i s  method o f   e v a l u a t i o n  it  would  appear  from a 
c o n s i d e r a t i o n   o f   a l l   t h e   d a t a   p r e s e n t e d   i n   T a b l e s  I ,  IV, V ;  and V I  t h a t  
t h e   f o l l o w i n g   g e n e r a l   c o n c l u s i o n s   a r e   j u s t i f i e d :  

1. 

2. 

3. 

There i s  no s i g n i f i c a n t   d i f f e r e n c e   b e t w e e n   P h o n s   ( P e a k  or Max) 
and PNdB (Peak o r  Max).  Peak u n i t s  may p o s s i b l y  be s l i g h t l y  
b e t t e r   t h a n  Max u n i t s .  

PNdB-Ms ( m o d i f i e d   t o   t a k e   i n t o   a c c o u n t   c r i t i c a l   b a n d w i d t h   o f  
t h e   e a r   a t  low f r e q u e n c i e s )   a r e   s i g n i f i c a n t l y   b e t t e r   o n   t h e  
ave rage   t han   t he   unmodi f i ed  PNdB. 

M o d i f y i n g   t h e   o v e r a l l   f r e q u e n c y   w e i g h t i n g   ( t h e  40-noy c o n t o u r )  
t o   t a k e   i n t o   a c c o u n t   t h e   c r i t i c a l   b a n d w i d t h   o f   t h e   e a r   a t  low 

19 



Table  V 

AVERAGE DIFFERENCES AND STANDAFLD  DEVIATIONS  OF  PHYSICAL  NOISE MEASUREMENTS 
OF REFERENCE AND ALL  COMPARISON  AIRCRAFT  NOISES WHEN JUDGED  EQUALLY  NOISY 

OR UNACCEPTABLE. From Kryter,   Johnson  and Young18 

Judgments  and  physical  measurements made o u t d o o r s .   T h i r t y - f i v e   l i s t e n e r s ,  
18 compar i son   a i r c ra f t .  Also shown a r e   p e r c e n t a g e   o f  t i m e  t h e   v a r i o u s  
u n i t s  of  noise  measurement  would  agree  with 22 and +4 u n i t s   o f   j u d g e d   e q u a l  
p e r c e i v e d   n o i s i n e s s .  

C O l .  1 C o l .  2 C o l .  3 Col.  4  Col. 5 C o l .  6 C o l .  7 

% Times % Times  Average 
Ra nk Between  Between  of  Percentages  Average  Standard 

(see  Col.   5)  Measure -2 and +2 -4 and +4 (Col. 3 and   4)   Di f fe rence   Devia t ion  

1 EPNdBt Mo 52  84 6 8  -0.8  2.7 

2 EdB(D2 1 4 6  83 64.5 -2.1  2 .0  
1 

3 EPNdB-M 48  80 64 -1.3 2.8 

4 EPNdB M 48  80 64 -1.3 2 . 8  
t 2  O 

5 EdB  (D2 ) 47 81 64  -1.9  2.3 

6 EPNdBt M 47  79  63 -0.6 3.1 
1 

7 EPNdB-Mo 49  77  63 -1.6 2 .5  

8 EPNdBt M 46  78 62 -0.9 3.1 

9 EPNdB 45  78 61.5 -1.1 3.1 

2 

t lo 
10 EEPNdBt M 45  77 6 1  -0.9  3.2 

11 Max dB(D3) 42 74 58 -1.4 3.3 

12 EPNdBt 4 1   7 1  56  -0.8  3.7 

1 

1 
13 Peak dB(D2) 40 7 1  55.5 

14 EdB(DlIo 40   71  55.5 

-0.9  3.7 

-2.2  2.9 

15 EdB (Dl) 39  70  54.5  -1.9 3.3 

16 EPNdB 38 69 53.5 

17 EPNdBt 38 68 53 

18 Max dB(D2) 37 67 52 
2 

-1.6 3 .6  

-1.2 3.8 

-1.1 4 .0  

19 EEPNdBt 37  67 52 -1.1 4 .0  

20 EEPNdBt 36 64 50 -1.3 4.2 

2 1  EdB (D3 ) 30  69 49.5 -3.0 2 .0  

22 Max  PNdBt M 34 63 48.5 0.1 4 . 5  

1 

2 

2 
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Table  V (concluded) 

C O l .  1 COl.  2 COl. 3 

% Times 
Rank Between 

(see  Col.   5)  Measure -2 and +2 

23  

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Max  dB(D1) 

EEPNdB 

Max  PNdB-M 

Max  PNdBt 

Peak PNdB 

Max dB(A) 

Peak Phons 

2 

EdB(D3), 

Max  PNdB 

Max Phons 

EdB (A) 

Max  PNdBt M 

EdB(AIo 

Max  PNdBt 

Max dB(B) 

1 

1 

Max dB(C) 

33 

33 

32 

33 

32 

31 

32 

28 

31 

31 

29 

29 

25 

27 

24 

2 1  

C o l .  4 

% Times 
Between 

-4 and f4 

6 1  

6 1  

60 

59 

60 

60 

58 

6 1  

58 

57 

57 

54 

54 

51  

46  

4 1  

C O l .  5 

Average 
of   Percentages  
(Col. 3 and 4 )  

47 

47 

46 

46 

46 

45.5 

45 

44.5 

44 .5  

44 

43  

41 .5  

39.5 

39 

35 

31 

C o l .  6 

Average 
Di f f e rence  

-1.1 

-1.9 

-1.4 

0 . 1  

-0.3 

-2.8 

-0.7 

-3.3 

-0.7 

-1.0 

-3.4 

0.4 

-3.7 

0 . 3  

-2.4 

-1.4 

C o l .  7 

Standard 
Devia t ion  

4 .6  

4.2 

4 .5  

4 . 8  

4 .8  

3.7 

4 .9  

2.4 

5.0 

5 .0  

3.1 

5 .4  

2 . 8  

5.8 

6 . 3  

7 .3  
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T a b l e  V I  

SHOWING  RELATION  BETWEEN  RESULTS WITH PHONS ( S t e v e n s )  AND PNdB AND AVERAGE EFFECT OF VARIOUS MODIFICATIONS 
AND CORRECTIONS TO PNdB AND OVERALL  FREQUENCY  WEIGHTINGS 

A l l  score v a l u e s   a r e   p e r c e n t a g e   o f  time a g i v e n   u n i t   o f   m e a s u r e m e n t   w o u l d ,   f o r   t h e  18 a i r c r a f t   n o i s e s   t e s t e d ,   f a l l  
w i t h i n  +4 units o f   j u d g e d   e q u a l   p e r c e i v e d   n o i s i n e s s .  35 l i s t e n e r s   o u t d o o r s .  From Kry te r ,   Johnson   and   Young la  

U n i t s   C a l c u l a t e d   f r o m   1 / 3 - O c t a v e  Band S p e c t r a  I 

N 
N 

Max Phons  57% 

Peak  Phons 58 
Aver .   58  

Max  PNdB 58 

Peak PNdB 60 
Aver .   59  

Max  PNdB 58% Max  PNdBt 51' 

Max PNdBt 5 9  
1 

2 

Max  PNdB-M 60 Max  PNdBt M 54  

Max  PNdBt M 6 3  
1 

2 i 
EPNdB 69% EPNdBt 71' 

1 
EPNdBt 6 8  

2 

EPNdB-M 8 0  EPNdBt M 7 9  
1 

EPNdBt M 7 8  
2 

EPNdBo (69)*% EPNdB 7 8 %  

EPNdB (78)*  
t1° 

t Z O  

EPNdB-Mo 77  EPNdBt Mo 84 
1 

EPNdBt Mo 80 
2 

* E s t i m a t e d ,   n o t   c a l c u l a t e d  

EEPNdB 6 1 %  EEPNdBt 

EEPNdBt 2 1 ,"/ 

U n i t s   C a l c u l a t e d   f r o m   O v e r a l l   F r e q u e n c y   W e i g h t i n g s  1 A v e r a g e   E i f e c t  of S u m m a t i o n   O v e r   F r e q u e n c y   R a n g e   ( F r e q .   W e i g h t i n g   p l u s  I 
dB  (D, ) dB (Dg ) 

Max dB(D3)  74 

EdB (D3 ) 6 9  

EdB(D3)o - 6 1  

A v e r .   6 8  

i 
I 

A v e r a g e   E f f e c t   o f   F r e q u e n c y   M o d i f i c a t i o n  

9 dB (A) e x c e p t  f o r  t o n e - c o r r e c t e d   u n i t s   6 8  

S t e v e n s '  Band  Summat ion   vs .   Freq .   Weight ing   p lus   Sound  Energy   Summat ion)  

A l l  PNdBs and PNdB-Ms 

EdB (A) 

EdB(AIo 
A l l  PNdBts  and PNdBtMs 7 1  

Aver .   57  - 1  A l l  dB(D1)s  and  dB(D2)s 72 

Aver.  Improvement  dB(D1)s  and  dB(D2)s 

v s .  PNdBs and  PNdB-Ms 4 %  p t s  
v s .  PNdBts  and PNdBtMs 1% p t s  

I I 
A v e r a g e   E f f e c t  of D u r a t i o n  

f o r   C r i t i c a l   B a n d w i d t h   o f   t h e   E a r  ( M ,  D 2 )  (Max v s .   E f f e c t i v e   ( E )   a n d   E s t i m a t e d   E f f e c t i v e  (EE) 

A l l  PNdBs 66 

7 3  A l l  PNdB-MS 

Aver .   Improvement   7%  PtS 

- 
A l l  dB(D1) 

A l l  dB(D2) 

Aver.   Improvement 

A v e r a g e   E f f e c t   o f   O n s e t   D u r a t i o n   C o r r e c t i o n  ( 0 )  

A l l  EPNdBs and PNdB-Ms EdB(D1) and  dB(D2) 
no  o n s e t   c o r r e c t i o n   7 4  n o  o n s e t   c o r r e c t i o n  

A l l  EPNdBs and PNdB-Ms 
w i t h   o n s e t   c o r r e c t i o n  3 

EdB(D1) and  dB(D2) 
w i t h   o n s e t   c o r r e c t i o n  

Aver.   Improvement 4% p t s   Aver .   Improvemen t  

67 

77  

A l l  Max PNdBs and PNdB-Ms 58 A l l  Max dB(Dl)  and  dB(D2) 64 

A l l  EPNdBs and  PNdB-Ms 76 1%pts 

A l l  EEPNdBs and PNdB-Ms 69 A l l  EdB(D1) and  dB(D2)  76 - - 
Aver.   Improvement 120/. Pts  

Aver.   Improvement R e /  Max: EE 11% p t s :  E 18% P t s  

A v e r a g e   E f f e c t   o f   T o n e   C o r r e c t i o n s  

A l l  PNdBs - n o  t o n e   c o r r e c t i o n s   6 8  

7 0  76 A l l  PNdB - t o n e - c o r r e c t e d  
t i  

A l l  PNdBt - t o n e - c o r r e c t e d  

Aver .   Improvement ,  
1% P t  

t l  

71 
2% P t  

1 Aver .   Improvement ,  t 2  
3% P t S  I 
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- AVERAGE  OF WALLOP'S DATA: 
AVERAGE  DIFFERENCE = -1.4, 
AVERAGE S = 4.0 
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WITH RESPECT TO  JUDGED PERCEIVED NOISINESS 
RANGE  AND  RANGE  LIMITS OF  UNITS OF  MEASUREMENT 

FIGURE 6 SHOWING  PERCENTAGE OF TIME  THE  AVERAGE  UNITS  OF MEAS- 
UREMENT  PREDICTED JUDGED PERCEIVED  NOISINESS OF  A VARI- 
ETY  OF  AIRCRAFT  TESTED  AT WALLOPS (Ref. 18) WITHIN  THE 
RANGE  OF UNIT ACCURACY GIVEN  ON  THE ABSCISSA 

frequencies, D2, provides a frequency  weighting  that is signifi- 
cantly  better  than Dl, D3, or A. 

4. Utilizing  durational  information  (between  the 10 PNL downpoints) 
by Estimated  Effective (EE) units  significantly  improves  the 
predictive  accuracy  of  Max PNdBs and  PNdB-Ms, and  Effective (E)  
units  are  appreciably  better  than EEunits. 

5 .  EdB(D ) or (D ) are  significantly  better  predictors  than Max 1 2 
dB(D1) or (D2), respectively, but  EdB(D3) or EdB(A) are  some- 
what  worse  than  Max dB(D3) or  Max dB(A), respectively. 
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6. The  power  summation o v e r   f r e q u e n c i e s   w e i g h t e d   a c c o r d i n g  t o  the 
40-noy con tour  dB(D1) is o n   t h e   b o r d e r l i n e   o f   b e i n g   s i g n i f i c a n t l y  
b e t t e r   f o r   p w d i c t i n g   j u d g e d   p e r c e i v e d   n o i s i n e s s   t h a n   c a l c u l a -  
t i o n s   b a s e d   o n   b a n d   l e v e l s   w e i g h t e d   a c c o r d i n g   t o   t h e  noy c o n t o u r s  
(PNdB) a n d   t h e  results then  summed accord ing  to the   fo rmula   p ro -  
posed   by   S t evens   fo r   Phons   and   adop ted   fo r  PNdB. About t h e  same 
degree o f   supe r io r i ty   was   found   be tween  dB(D2) and PNdB-M. 

7 .  The a p p l i c a t i o n   o f   e i t h e r  t l  o r  t t o n e   c o r r e c t i o n s   g a v e   i n c o n -  
2 

s i s t e n t   r e s u l t s   w i t h   t h e r e   b e i n g  no s i g n i f i c a n t  improvement  over 
non- tone -co r rec t ed   un i t s ,   on   t he   ave rage .  

8 .  The a p p l i c a t i o n   o f   t h e   s o - c a l l e d   o n s e t   d u r a t i o n   c o r r e c t i o n   p r o -  
v ided  no cons is ten t   improvement   over   non-onse t   dura t ion   cor rec ted  
u n i t s .  

I t  should   be   borne  i n  mind t h a t   t h e r e  w a s   p o s s i b l y   p r e s e n t   i n   a l l   t h e  
s t u d i e s   r e p o r t e d   a b o v e  a c e r t a i n  amount o f   unavo idab le   expe r imen ta l   e r ro r  
d u e   t o   s u b j e c t   v a r i a b i l i t y ,   v a r i a b i l i t y   b e t w e e n   a c o u s t i c   s p e c t r a   t h a t  was 
presumed  by t h e  exper imenter  to  be t h e  same (room o r   e v e n   o u t d o o r   a c o u s t i c  
c o n d i t i o n s   c a u s e  some v a r i a t i o n   i n  a sound a s   h e a r d  b y  s u b j e c t s   s e a t e d  a t  
d i f f e r e n t   l o c a t i o n s   i n  a test  room) e r ro r s   i n   sound   measu remen t  or analy-  
s is ,  e t c .  Also, and  perhaps  more  important,  i s  t h a t   t h e r e  were probably  
p r e s e n t   d i f f e r e n c e s   i n   d u r a t i o n  or tona l   complexi ty   amongs t   the   sounds  
t h a t   c o u l d . . s i g n i f i c a n t l y   i n f l u e n c e   t h e   j u d g m e n t s   b u t   w h i c h  do not   neces-  
s a r i l y   a f f e c t   t h e   p h y s i c a l   m e a s u r e m e n t s ,   p a r t i c u l a r l y   t h o s e   u s e d   f o r   o b -  
t a i n i n g  Max  PNL. 

Tona l   Fac to r s  

For  example,  some o f   t h e   d a t a   c o l l e c t e d   d u r i n g   t h e  tests a t   W a l l o p s  
seemed to  i n d i c a t e   t h a t  Max  PNL w i t h o u t   t o n e   c o r r e c t i o n s   b e t t e r   p r e d i c t e d  
judged   no i s ines s   o f  a v a r i e t y   o f   a i r c r a f t   n o i s e s   t h a n  d i d  Max PNL wi th  
t o n e   c o r r e c t i o n s ,   a s  shown i n   T a b l e  I .  However,  examination of t h e   s p e c -  
t r a   f o r  some o f   t h e  j e t  a i r c r a f t   n o i s e   p r e s e n t   i n   s u c c e s s i v e   0 . 5 - s e c  i n -  
t e r v a l s   o f  time showed t h a t  some o f   t h e  j e t  n o i s e s   c o n t a i n e d   s t r o n g   t o n a l  
components up t o   t h e  moment t h e   a i r c r a f t  were n e a r l y   d i r e c t l y   o v e r h e a d  
( the   t ona l   componen t s  were then   sh i e lded   f rom the  l i s t e n e r s  b y  s t r u c t u r e s  
of t h e   e n g i n e )   a n d   t h e   b a n d   l e v e l s   r e a c h e d   t h e i r  maximum; whereas   fo r  some 
o f   t h e   o t h e r   f l y o v e r s   o f  j e t  a i r c r a f t ,   b e c a u s e   o f   d i f f e r e n c e s   i n   s t r u c t u r e  
a n d / o r   f l i g h t   a t t i t u d e ,   t h e   t o n e s   c o n t i n u e d   t o  be p resen t   t h rough   t he  max- 
imum l e v e l s .   T h u s ,   t h e  Max  PNLs o f   t h e   l a t t e r   n o i s e s  were c o r r e c t e d   f o r  
t o n e s   b u t   t h e  Max  PNLs o f   t h e   f o r m e r   n o i s e s  were n o t .  The presence   o f  
t ona l   componen t s   du r ing   t he   onse t   and   up   t o   t he  maximum l e v e l s   o f   t h e  
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no i se   undoub ted ly   have   cons ide rab le   i n f luence   on   t he  judged pe rce ived  
n o i s i n e s s  so t h a t   t h e  Max PNLs t h a t   c o n t a i n e d  no t o n e   c o r r e c t i o n s   u n d e r -  
e s t i m a t e d   t h e   j u d g e d   n o i s i n e s s   o f   t h e s e   p a r t i c u l a r   t y p e s   o f   n o i s e .  The 
Max PNLs d e l i b e r a t e l y   c a l c u l a t e d   w i t h o u t   t o n e   c o r r e c t i o n s   f o r   t h e  two 
t y p e s  of j e t  n o i s e s   d i s c u s s e d ,   t r e a t e d   b o t h   n o i s e s   t h e  same and ,   t he re -  
fore, f o r t u i t o u s l y  more c o r r e c t l y   p r e d i c t e d   j u d g e d   r e l a t i v e   n o i s i n e s s  
t h a n  Max PNLs w h i c h   g a v e   t o n e   c o r r e c t i o n s  t o  one  of t h e   n o i s e s   b u t   n o t  
t h e   o t h e r .   T h a t   t h i s  i s  p l a u s i b l y  t r u e  is shown b y   t h e   s l i g h t l y   g r e a t e r  
a c c u r a c y   o f   t h e   E f f e c t i v e  PNLs when tone -co r rec t ed   t han   no t   t one -co r rec t ed .  

D u r a t i o n a l   F a c t o r s  

Another  problem of a t t e m p t i n g  t o  e v a l u a t e   t h e   r e l a t i v e   e f f e c t i v e n e s s  
of d i f f e r e n t   u n i t s   i n   p r e d i c t i n g  judged  p e r c e i v e d   n o i s i n e s s  i s  i l l u s t r a t e d  
i n   T a b l e  V I I .  I t  i s  s e e n   i n   T a b l e  V I 1  t h a t  d B ( C )  i s  a better p r e d i c t o r  of 
t h e   j u d g e d   n o i s i n e s s   o f   t h e   s o u n d   f r o m  a f i x e d - w i n g   p r o p e l l e r   a i r c r a f t   ( a  
Supe r -Cons te l l a t ion  v s  t h a t   f r o m  a h e l i c o p t e r )   t h a n   a n y   o f   t h e   o t h e r  Max 
PNLs. T h e s e   r e s u l t s ,  of c o u r s e ,   a p p e a r   t o   b e   i n c o n s i s t e n t   w i t h  the r e l a -  
t i v e   i m p o r t a n c e   a s c r i b e d   t o   d i f f e r e n t   p o r t i o n s   o f  t h e  f r e q u e n c y   s c a l e   f o r  
p e r c e i v e d   n o i s i n e s s .  

The  spectrum  of   the 204B h e l i c o p t e r  was  predominately  low  f requency 
( t h e   h i g h e s t   b a n d   l e v e l   w a s   i n   t h e   b a n d   c e n t e r e d   a t  63 Hz) which  gave  the 
h e l i c o p t e r   n o i s e   r e l a t i v e   t o   t h a t  of the f i x e d - w i n g   a i r c r a f t  a h i g h e r  max 
l e v e l   o n  d B ( C )  than   on  d B ( A ) ,  d B ( D ) ,  PNdB, o r  P h o n .   T h i s   r e l a t i v e l y  
h i g h e r  max l e v e l   f o r  t h e  h e l i c o p t e r   a p p a r e n t l y   c o m p e n s a t e d   f o r  the f a c t  
t h a t  t h e  h e l i c o p t e r   n o i s e  was of c o n s i d e r a b l y   l o n g e r   d u r a t i o n   t h a n   t h a t  
o f  t h e  f i x e d - w i n g   a i r c r a f t ,   a n d   f o r   t h a t   r e a s o n   j u d g e d   n o i s i e r  or less 
wanted.   Table  V I 1  shows t h a t   t h e   e f f e c t i v e  PNLs p r e d i c t  t h e  judgments 
w i t h   c o n s i d e r a b l y  more a c c u r a c y   t h a n   t o  Max PNLs. 

Onse t   Dura t ion  

Perhaps   o f   cons iderable   impor tance  t o  t h e  judgmen t   o f   t he   he l i cop te r  
n o i s e  i s  t h e   r e l a t i v e   l o n g   d u r a t i o n  of t h e   n o i s e   d u r i n g  i t s  o n s e t   o r  
bu i ld-up   phase .  I t  wou ld   appea r   t ha t   t he   l ong   onse t   du ra t ion  made t h e  
h e l i c o p t e r   n o i s e  more unaccep tab le   t han   cou ld  be a scoun ted   fo r   mere ly   by  
t h e   i n t e g r a t i o n   o f   t h e  .5-sec PNLs o v e r   t h e   t o t a l   d u r a t i o n  of t h e   n o i s e  
a s   r e f l e c t e d   i n   t h e  EPNLs. 

Nixon,   von   Gierke ,   and   Ros inger   have   repor ted   tha t   increas ing   the  20 

o n s e t   d u r a t i o n   o f  a s o u n d   r e l a t i v e   t o  i t s  t o t a l   d u r a t i o n   s i g n i f i c a n t l y  
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3 5   O u t d o o r   L i s t e n e r s  O u t d o o r   P h y s i c a l   M e a s u r e m e n t s  

Max 

PNdBt 
PNdBt M 

PNdBt PNdB Phons 
dB(D3) dB(D2) dB(D1) dB(C) dB(B) dB(A) 

YaX Ma x Max YaX Max Max Max Max Max Max 

1 2 1 

- 8 . 5  -7.0 -6.5 - 7 . 0   - 7 . 5   - 5 . 5  - 6 . 0  - 4 . 5  - 7 . 5  - 2 . 5  -7 .5  

R e f e r e n c e   A i r c r a f t :  104% ( S u p e r y C o n m t e l l a t i o n )  Yet0 P a e r  
C o m p a r i s o n   A i r c r a f t :  2 0 4 8   H e l i c o p t e r ,   C r u i s e  Power ' 

1 E8 I E8 I E8 I E8 I E8 

dB (D2 ) Phons  
Peak 
PNdB 

- 
-5.5 

I E 8 1  E 8 I I I E8 I E8 1 53  i 5 I I I 
dB(D3)o 

PNdB Y 
PNdB-Yo 

PNdBt Y PNdB-Y 
PNdBt PNdBt 

PNdB M 
PNdBt PNdBt 

PNdB 
1 

t2 O 2 2 l o  t l  1 

+ 1 . 0  +1.0 +1.5 -3.5 -3.0 - 4 . 0  +1.0 -3 .5 +0.5  - 4 . 0  - 3 . 5  



i n c r e a s e s  i t s  p e r c e i v e d   n o i s i n e s s .   T h e   e x p l a n a t i o n s   g i v e n   t h i s  phenomena 
a r e   t h a t :   ( a )   t h e   l o n g e r   t h e   o n s e t   d u r a t i o n ,   t h e   g r e a t e r  i s  t h e   c o n c e r n  
o f   t h e   l i s t e n e r   t h a t   t h e   s o u r c e  of the   sound  i s  approaching  and w i l l  r each  
t h e   l i s t e n e r ,   a n d   ( b )   t h e   u n c e r t a i n t y   o n   t h e   p a r t   o f   t h e   l i s t e n e r   a s  t o  
j u s t  how i n t e n s e   t h e   s o u n d  may become r e g a r d l e s s  of a n y   f e a r   o f   t h e   s o u r c e .  
Because   o f   t he   measu red   magn i tude   o f   t he   e f f ec t ,   equ iva len t   t o  a change 
i n   p e a k   l e v e l s   o f  10 dB or  so, and   the   seeming  reasonableness  of + t s  ex- 
i s t e n c e ,  it is  p roposed   t ha t  a c o r r e c t i o n   f o r   o n s e t   d u r a t i o n   b e   a p p l i e d  
t o   t h e  EPNL o f   s o u n d s   i n   a c c o r d a n c e   w i t h   t h e   f u n c t i o n  shown i n   F i g .  4 .  
This   p roposed   add i t ion  t o  t h e   c a l c u l a t e d   p e r c e i v e d   n o i s i n e s s   o f  a sound 
m u s t ,  o f   course ,   be   based   on  a c o n s i d e r a b l e  amount o f   f u r t h e r   t e s t i n g  be- 
f o r e  it  can   be   cons ide red  a s  a n y t h i n g   b u t   t e n t a t i v e .  

Onse t   co r rec t ions   based   on   F ig .  4 were a p p l i e d  t o  t h e   a i r c r a f t   n o i s e s  
u s e d   i n   t h e  tes ts  a t   W a l l o p s .   B e c a u s e   o f   t h e   n a t u r e   o f   t h e   f l y o v e r s   u s e d  
a t   W a l l o p s ,   t h e   n o i s e s   p r e s e n t  do no t   p rov ide ,   no r  were t h e y   p l a n n e d   t o  
p rov ide ,  a very  good test o f   t h e   e f f e c t i v e n e s s   o f  or n e e d   f o r   c o r r e c t e d  
o n s e t   d u r a t i o n .  A s  s een   i n   Tab le  V I  t h e  u s e  o f   t h e   o n s e t   c o r r e c t i o n   i n -  
cons i s t en t ly   dec reased   t he   dev ia t ion   be tween   j udged   and   ca l cu la t ed   pe r -  
c e i v e d   n o i s i n e s s ;   h o w e v e r ,   t h e   r e l a t i v e l y  large c o r r e c t i o n s   a p p l i c a b l e  
t o   t h e   h e l i c o p t e r   n o i s e s   d e f i n i t e l y  improved t h e   p r e d i c t i o n  of t he   j udged  
p e r c e i v e d   n o i s i n e s s .  

Impulse   Level   Correc t ion  

T h a t   t h e  PNdB-M, or P h o n s ,   a r e   r e a s o n a b l y   a c c u r a t e  means o f   e s t i m a t -  
i n g   t h e   j u d g e d   u n a c c e p t a b i l i t y  o r  loudness   o f   son ic  booms r e l a t i v e   t o  
o t h e r   s o n i c  booms is  shown i n   F i g s .  7 and 8 .  However, c a l c u l a t e d  EPNdB-M 
d o e s   n o t   p r e d i c t   t h e   p e r c e i v e d   n o i s i n e s s   o f   s o n i c  booms when judged   aga ins t  
more s t e a d y - s t a t e   n o i s e ,   s u c h   a s   t h a t   f r o m   s u b s o n i c   a i r c r a f t .  

Even a f t e r  months  of   regular   exposure  and when expec t ing   son ic  booms, 
p e o p l e   r a t e   t h e  booms r e l a t i v e   t o   t h e   n o i s e   f r o m   s u b s o n i c   a i r c r a f t  some- 
what less accep tab le   t han   wou ld   be   p red ic t ed   f rom  the  EPNLs o f   t h e  two 
t y p e s   o f   a i r c r a f t   n o i s e .  A s  shown i n   F i g .  9 ,  t h e r e  i s  a d i f f e r e n c e  e q u i v -  
a l e n t   t o   1 5  dB or so i n   t h e  EPNL of  a s o n i c  boom and  the  EPNL o f   subson ic  
a i r c r a f t   n o i s e .   P r e s u m a b l y   t h i s   d i f f e r e n c e  i s  r e l a t e d   t o   t h e   " s t a r t l e "  
f e l t  f rom  impu l s ive   t ype   sounds ,   such   a s   son ic  booms. 

A s  w i t h   F i g .  4 ,  F ig .  9 i s  based  on a minimum o f   d a t a .  A t  t h e  same 
time, t h e s e   f u n c t i o n s   a r e   s e e m i n g l y   l o g i c a l   a n d   t h e i r  u s e ,  i f   t h e i r   v a l i d -  
i t y   c a n   b e   s u b s t a n t i a t e d ,  may p r o v i d e   p r o c e d u r e s   f o r   c a l c u l a t i n g   t h e   p e r -  
c e i v e d   n o i s i n e s s   t h a t   c a n   b e   a p p l i e d   t o   e x p e c t e d   n o i s e s   r e g a r d l e s s   o f   t h e  
t e m p o r a l   a n d   s p e c t r a l   n a t u r e   o f   t h e   n o i s e s  or the   sources   f rom  which   they  
came. 
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Predict ing  Indoor   Judgments   f rom  Outdoor   Physical   Measurements  ___ " . . . . . . . . . . . . ~~ 

One w o u l d   a s s u m e   t h a t   t h e   u n a c c e p t a b i l i t y   r a t i n g s   g i v e n . b y   l i s t e n e r s  
to  a h igh - f r equency   no i se ,   s ay  from j e t  a i r c r a f t   r e l a t i v e  t o  t h e   r a t i n g s  
g i v e n  a low-f requency   no ise ,   say ,   f rom a h e l i c o p t e r  or automobile,   would 
b e   s i g n i f i c a n t l y   a l t e r e d  when the n o i s e s  were heard   indoors .   Because   o f  
t h e  lesser a t t e n u a t i o n  of low compared t o  h i g h e r   f r e q u e n c i e s   o f  a n o i s e  
b y   h o u s e   s t r u c t u r e s  i t  i s  l i k e l y   t h a t   t h e  low f requency   no ises   would  be- 
come r e l a t i v e l y  more unaccep tab le   i ndoor s .   In   add i t ion ,   poss ib l e   s econd-  
a r y   n o i s e s   i n d u c e d   i n  a b u i l d i n g   b e c a u s e  of n o n l i n e a r   r e a c t i o n s  ( i . e . ,  
windows a n d   p i c t u r e   r a t t l e s ,   e t c . )   w o u l d   t e n d  t o  d i s f a v o r   t h e   n o i s e   w i t h  
t h e  lower f r e q u e n c i e s .  

I f   t h i s  were t h e   c a s e ,   t h e n   u n i t s   o f  PNL t h a t   g i v e   e x t r a   w e i g h t  
(weight   unwarranted   accord ing  t o  judgment tests w h e r e   t h e   n o i s e  i s  meas- 
u r e d   a t   t h e   l i s t e n e r s '   e a r s )   t o   t h e   l o w e r   f r e q u e n c i e s   s h o u l d   b e t t e r   p r e -  
d i c t   t h e   r e l a t i v e   i n d o o r   r a t i n g s   t h a n  would PNLs f o u n d   a p p r o p r i a t e   f o r  
d i r e c t   l i s t e n i n g   a n d   d i r e c t   p h y s i c a l   m e a s u r e m e n t s .   F u r t h e r ,   t h e r e f o r e ,  
dB(Dl)  and PNdB c a l c u l a t e d   w i t h o u t   t h e   p r o p o s e d   c r i t i c a l   b a n d   a d j u s t m e n t s  
s h o u l d   b e   b e t t e r   p r e d i c t o r s   o f   r e l a t i v e   i n d o o r   r a t i n g s  from outdoor  meas- 
urements   than  D2 or PNdB-M. 

Judgment d a t a   f r o m t h e W a l l o p s  tests a r e   r e l a t e d  t o  o u t d o o r   p h y s i c a l  
m e a s u r e m e n t s   o f   t h e   n o i s e   i n   T a b l e  VI I I .  I t  i s  s e e n   i n   T a b l e  V I 1 1  t h a t  
indeed some o f   t h e   u n i t s   t h a t  worked p a r t i c u l a r l y  w e l l  f o r   t h e   j u d g m e n t s  
made o u t d o o r s ,  i . e . ,  dB(D2)  and PNdB-M, d i d   n o t  do so well  i n   e s t i m a t i n g  
from  outdoor   noise   measurements  t h e  r e l a t i v e   j u d g m e n t s  made by t h e  l is-  
t e n e r s   i n d o o r s ;   r a t h e r ,  now, dB(D1) and PNdB a r e   t h e   b e s t .  

Whether o r  no t  a more accurate   outdoor   measurement- to- indoor   judg-  
ment f r e q u e n c y   w e i g h t i n g ,   e i t h e r   b a n d   o r   o v e r a l l ,   c a n   b e   s p e c i f i e d . ( o r  
even  whether   such a s p e c i f i c a t i o n  i s  d e s i r a b l e  or n e c e s s a r y )   r e m a i n s   t o  
b e   d e t e r m i n e d .   T h e   W a l l o p s   d a t a   i n d i c a t e   t h a t   t h e   b e s t   p r e d i c t i o n s   o f  
t h e   r e l a t i v e   p e r c e i v e d   n o i s i n e s s   o f   n o i s e s   r a n g i n g   f r o m  low- to  r e l a t i v e l y  
h igh- f requency   spec t ra   would   be   p rovided   by  EPNdB-M and EdB(D2) when t h e  
n o i s e  i s  measured a t   t h e   p o s i t i o n   o f   t h e   l i s t e n e r ,   a n d   b y  EPNdB and EdB(D1) 
when m e a s u r e d   o u t d o o r s ,   a n d   t h e   l i s t e n e r s   a r e   i n d o o r s .  The e f f i c a c y   o f  
t h e   o u t d o o r  PNdB and dB(D1) u n i t s ,  or a n y   o t h e r   o u t d o o r   u n i t s ,  f o r  p r e -  
d i c t i n g   r e l a t i v e   j u d g m e n t s   o f   n o i s e  made i n d o o r s   a t   W a l l o p s  i s  o b v i o u s l y  
f o r t u i t o u s .  

31 



Table V I 1 1  

S-Y OF AVERAGE  DEVIATION FOR THE VARIOUS  MEASUMXENT  UNITS  TAKEN OUTWORS 
.BETWEEN  REFERENCE AND COMPARISON AIRCRAFT NOISES 

WHEN JUDGED  EQUALLY  UNACCEPTABLE BY SUBJECTS INDOORS. From Kryter,  Johnson  and Young 18 

W tu 

r 

Reference 
A i r c r a f t  Table House 

880 

X N  K - 1 3  880 

X I 1 1  . H-11 104% 

X I 1  H - 1 1  

104% 

Aver. of Aver.  Deviations 

XV K-13 

E6 
dB(A) dB(D2)c dB(D2) dB(DlIo dB(D1) dB@), 

3.0 

1.8 1.3 2 .0   2 .2  1.9 2.6 

5.7 4 . 0  3.4 2.5  5.2 4 .3  

2 .9   2 .8  2.3 2.6  2.3 2 . 9  

5.2 4.4  3 .2  2.2  4.7 

3.6 4.4 3.8 2 .9  2.4 4 .0  

- 
Ma x 

dB (C: 

- 
2 . 1  

5.7 

2.5 

6.6 - 
3.6  
- i 3.8 

4 . 8  

4.4 

3.5 

4 . 1  - i Phons PNdB  PNdBt 
Max I lldax 1 

Max 
PNdB Phons dB(D2) PNdBt PNdBt M 
Peak Peak Peak Max 

1 2 

3.1 

2 .0  1.8 4.5 2.2 3.4 

3.3 2.8 5.8  4 .2   4 .9  

1.8 1.4  4.0  2 .2  

4 .4  , 2.9 2.8 4.6  3.6 

3 .7  2.3 2.0 4.6 a.8 

dB(D3)o PNdBt  PNdBt  PNdBt Y PNdB PNdB M PNdBt 
1 1 1 O 2 

1 

5.2 6 . 1  1.8 2 . 1  3 . 0  2 . 3  3.2 1.8 

2 . 1  1.6 2.9  3.5 3 . 0  3.8 3.3 3.5 

5.7 6.7 2.0 2 .1  3.1 2.4 3.3 1.8 

1 . 5  1.2 2 . 1  3.1 2.8  2 . 8  2 .6  3.2 

4.2  4 .7   2 .1   2 .5   3 .0   2 .7   3 .2   2 .3  

. 

PNdB  PNdBt  PNdBt Y PNdB 

2 .0  

1.8 2 . 0  1.8 2.1  

3.0 4 .0  3.7 2.8 

1.9   2 .0  1.9 

3.a 3.8 3.5 3.7 

2.4 2.5 2.6  2 .5  



? Band Summation 

Perhaps  one  of  the most i n t e r e s t i n g  and p r a c t i c a l   f i n d i n g s   o f   t h e  
ana lys i s   o f   t he   Wal lops   and   o the r   s tud ie s   ana lyzed  is t h a t  summing on 
an  energy  basis   the  sound  spectrum  weighted  according to  the  D func t ion  
predic t s   judged   no is iness   near ly  as well as t h e   s p e c t r a l   i n f o r m a t i o n  
weighted  the same way, but summed over  1/3 oc tave   bands   accord ing   to  
the  formula  proposed by Stevens  and  adopted by  PNdB--namely PNdB = 40 4- 

2 

10   l og  PN, where PN = n 4- 0.15 (XBand - n  ), and  where 2 Band Max 
i i 

Band Max 

n i s  the  noy value  of  each 1/3 octave  band. This f i n d i n g   s u g g e s t s   t h a t  
t he   p re sen t  noy-band  summation  method is not,  for  broadband  sounds, as 
good a model o f   t h e   s p e c t r a l   i n t e g r a t i o n  characteristic of   the-audi tory  
s y s t e m  as is  the   energy  summed o v e r   c r i t i c a l  bands  and  weighted  according 
t o  t h e  noy contours .  

Indeed, i t  would f o l l o w ,   i f  similar r e s u l t s  are found  with  reanaly- 
sis o r   e x i s t i n g  and   addi t iona l  new judgment d a t a  t h a t  a power  summation 
of   the   sound  pressure   l eve ls   in  each frequency  band o r  bands   ad jus ted   in  
accordance  with  the noy contours  would provide a u n i t  which w e  w i l l  desig-  
na te   here  as PNdB', t h a t  is s impler   to   ca lcu la te   and   which   pred ic t s   judged  
perce ived   no is iness  as w e l l  as o r   b e t t e r   t h a n  PNdB. The advantages  of 
PNdB' over  dB(D ) are: ( a )  i t  p e r m i t s   u t i l i z a t i o n   o f   a l l   t h e  noy contours  
r a the r   t han   on ly  t h e  40-noy weighting  of ( D  ) and  should be more accura te  
f o r  a wider   range  of   spectra;   (b)  i t  permits  t h e  incorpora t ion  of  pure- 
t o n e   c o r r e c t i o n s   i n t o   t h e   u n i t ;  and ( c )  i t  is based  on  band  spectral   in- 
formation. The s t e p s   t o  be fo l lowed   i n  t h e  measurement  and c a l c u l a t i o n  
of t hese   va r ious   un i t s  are g i v e n   i n  t h e  appendix t o   t h i s   p a p e r .  

2 
2 

In   formula  form  the  above  suggest ions would be: 

1. d B ( D  ) from overa l l   f requencies   (weighted   sound  leve l   meter )  
2 

where W i s  a complex  frequency power weight ing   for   perce ived   no is i -  
ness  (40 noy), S i s  a complex  power  spectrum  of a given  sound,  and 
t h e   v a r i a b l e   o f   i n t e g r a t i o n  is frequency i n  H z ;  
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2. dB(D ) from b a n d   s p e c t r a ,  
2 

where x is number of band f i l t e r s ,   a n d  W is t h e  band  weight 

f o r   t h e  i b a n d ,   a d j u s t e d   f o r  c r i t i c a l  b a n d w i d t h   o f   t h e   e a r  

40 
t h  

i 

below 355 Hz (see F i g .  3), o f   t h e  40 noy con tour .  

3 .  PNdB' = 10 l o g  10 6 lo(sPL;/lo), 

where SPL' is  the  SPL .of  1000 Hz band  having the  same  noy v a l u e  

a s   t h a t   f o r  SPL i n  i band. 
t h  

U n t i l  the u n i t  PNdB' i s  e v a l u a t e d ,  i t  appea r s   t ha t   measu r ing   b road-  
band  sounds  over a l l   f r e q u e n c i e s  by means of a f requency   weighted  (D2) 
sound  leve l  meter a n d   i n t e g r a t i n g  s u c h  measures taken   every  .5 sec would 
be ,  on the a v e r a g e ,   a s  good a u n i t   a s  is a v a i l a b l e   f o r   p r e d i c t i n g  judged 
p e r c e i v e d   n o i s i n e s s   o f  the sounds .   Seve ra l   cau t ions   r ega rd ing  dB(D ) a r e  
j u s t i f i e d :  ( a )  m o s t   o f   r e s u l t s   f o r  ( D  ) a s  w e l l  a s  A ,  Dl,  and D weight- 
i n g s ,  were n o t  made w i t h  meters b u t  wi th  c a l c u l a t i o n s   p e r f o r m e d  on 1/3 
o c t a v e  band s p e c t r a ;   a n d  ( b )  i f  and when t o n a l   c o r r e c t i o n s   a r e   r e q u i r e d  
the o v e r a l l   m e a s u r e   w o u l d   n o t   p r o v i d e   s u f f i c i e n t   i n f o r m a t i o n   f o r  malting 
a p p r o p r i a t e   c o r r e c t i o n s .  However ,   one  should  f ind  c lose  agreement  be- 
tween o v e r a l l  meter readings   and  summed 1/3 o c t a v e  band l e v e l s  when com- 
p a r a b l e   f r e q u e n c y   w e i g h t i n g s   a r e   u s e d .  

2 
2 3 
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GENERAL  CONCLUSIONS 

From p r e s e n t l y   a v a i l a b l e   d a t a   r e g a r d i n g   a i r c r a f t   n o i s e ,  it i s  con- 
c l u d e d   t h a t :  

1. A u d i t o r y   t h e o r y   a n d   t h e   r e s u l t s   o f   j u d g m e n t  tes ts  i n d i c a t e   t h a t  
good   p red ic t ion  of t h e   p e r c e i v e d   n o i s i n e s s  of broadband  sounds 
when measured a t   t h e   p o s i t i o n   o f   t h e   l i s t e n e r   r e q u i r e s :   ( a )   t h e  
combin ing ,   p r io r  t o  t h e   c a l c u l a t i o n   o f   t h e   u n i t  PNdB-M, 1/3 and 
f u l l   o c t a v e   b a n d   s o u n d   l e v e l s   b e l o w  355 Hz i n   c e r t a i n  ways t o  
a c c o u n t   f o r   t h e   c r i t i c a l   b a n d w i d t h   o f   t h e   e a r ;  or ( b )   t h e  u s e  
o f  a sound   l eve l  meter having  a f requency   weight ing  ( D  ) t h a t  
t a k e s   i n t o   a c c o u n t   b o t h   t h e   c r i t i c a l   b a n d w i d t h   o f   t h e   e a r   a n d  
t h e  40-noy p e r c e i v e d   n o i s i n e s s   c o n t o u r .  

2 

2 .  E f f e c t i v e   ( t i m e   i n t e g r a t e d )  PNdB-Ms or dB(D ) s  a r e   s i g n i f i c a n t l y  
b e t t e r   p r e d i c t o r s  of j u d g e d   p e r c e i v e d   n o i s i n e s s   t h a n   a r e  so- 
c a l l e d  Max o r  Peak PNdB-Ms o r  dB(D > s .  

2 

2 

3 .  Cor rec t ions   shou ld   p robab ly   be   app l i ed  t o  t h e  EPNLs of  ( a )  non- 
i m p u l s i v e   s o u n d s   o f   d i f f e r e n t   t o n a l   c o n t e n t s   a n d   o n s e t   d u r a t i o n s ,  
and   (b )   t o   impu l s ive   sounds  whose l eve l   i nc reases   background  
n o i s e   l e v e l  more t h a n  40 dB i n  0 . 5  secs.  

4 .  I t  is l i k e l y   t h a t  some of the   phys ica l   measurement   p rocedures  
e v a l u a t e d   i n   t h i s   p a p e r  are more a c c u r a t e   t h a n  shown t o  be  by 
judgment tests and t h a t   p o s s i b l y  somewhat more a c c u r a t e ,   s i m p l e r ,  
and   genera l   p rocedures  are a v a i l a b l e  or cou ld   be   deve loped .  I t  
i s  p o s s i b l e ,   i n   t h i s   r e g a r d ,   t h a t :   ( a )  EdB(D2) w i t h  or wi thou t  
t o n e  or d u r a t i o n   c o r r e c t i o n s  may t u r n   o u t  t o  be   on   the   average  
better t h a n  or as good a u n i t  as any PNdB u n i t s  now a v a i l a b l e  
f o r  p r e d i c t i n g   j u d g e d   p e r c e i v e d   n o i s i n e s s  of most r ea l - l i f e  
n o i s e s  ; and  (b)   the   use  of a simpler  band  summation  procedure 
t h a n  now u s e d   f o r  PNdB may provide  a PNdB' u n i t   t h a t  is s u p e r i o r  
t o  (D2) as w e l l  as p r e s e n t  PNdB. 
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Appendix 

PROCEDURES  FOR THE MEASUREMENT O F  NOISE AND NOISE ENVIRONMENT 
WITH RESPECT TO PERCEIVED NOISINESS (ANNOYANCE) 

Purpose  and  Scope 

This   appendix describes p r o c e d u r e s   f o r   e v a l u a t i n g   t h e   p e r c e i v e d  
nois iness   (annoyance)of   non- impuls ive  and i m p u l s i v e   n o i s e s  and n o i s e  
envi ronments .   These   p rocedures   might   be   used   for :  

1. The p red ic t ion   f rom  phys ica l   measu res   o f   t he   pe rce ived   no i s i -  
ness   o f  a n o i s e  or n o i s e   e x p o s u r e ,   u s i n g   a l l   n e c e s s a r y   s p e c t r a l  
and  temporal   measures   of   the   noise   exposure.  The b a s i c   u n i t  
of  measurement used would  presumably  be  primarily PNdB and 
EPNdB, and s e c o n d a r i l y  d B ( D )  and EdB(D) .  

2. The m o n i t o r i n g   o f   t h e   l e v e l  of  a g i v e n   n o i s e  and n o i s e   e n v i r o n -  
ment t o   d e t e r m i n e   w h e t h e r   t h e   n o i s e   r e a c h e s  or e x c e e d s   c e r t a i n  
p r e s c r i b e d   l e v e l s  and d u r a t i o n s  of exposure.  The u n i t  of 
measurement  used  would  presumably  be  primarily d B ( D )  and E d B ( D ) ,  
and s e c o n d a r i l y  PNdB and EPNdB. 

The u n i t  name PNdB, which i s  based on band spec t r a l   measu res  of t h e  
n o i s e ,  and d B ( D ) ,  which i s  based  on e i t h e r  band  and o v e r a l l   s p e c t r a l  
m e a s u r e s   o f   t h e   n o i s e ,   a r e   g i v e n   i n   t h i s   a p p e n d i x   w i t h o u t   s u f f i x e s  or 
s u b s c r i p t s   t o   d i s t i n g u i s h  them  from some of t h e   u n i t s   d e s c r i b e d  and 
a n n o t a t e d   i n   t h e   t e x t   e l s e w h e r e .  A t  t h e   t i m e   o f   t h i s   w r i t i n g   t h e r e   a r e  
some da ta   t o   sugges t   t ha t   t he   p rocedure   adop ted   f rom  the   l oudness   ca l -  
c u l a t i o n   p r o c e d u r e s   o f   S t e v e n s ,   t h a t  of  summing noy v a l u e s   f o r   d i f f e r e n t  
f r equency   bands ,   shou ld   be   d i sca rded ,   fo r   pe rce ived   no i s ines s ,   i n   f avor  
of  a  somewhat s imple r   p rocedure  of summing on  a  power b a s i s   t h e  SPLs of 
t h e  b a n d s   a d j u s t e d   a c c o r d i n g   t o   t h e   e q u a l  noy con tour s .  I t  is suggested 
t h a t  PNdB u n i t s   c a l c u l a t e d  by t h i s   a l t e r n a t i v e   p r o c e d u r e ,   t o   b e   d e s c r i b e d  
below,   be  designated as PNdB'. I f   t h e   s u s p e c t e d   v i r t u e   o f   t h i s  power 
summation  procedure i s  ve r i f i ed   f rom a re-examinat ion of prev ious   judg-  
ment d a t a  and  by new d a t a ,   t h i s   p r o c e d u r e  would  presumably  be  standard- 
i z e d   a s   t h e   p r e f e r r e d  and  only  means  of   calculat ing PNdB, and the   p r ime 
des igna t ion   cou ld   t hen  be removed. The d e f i n i t i o n  and d e t e r m i n a t i o n  
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o f   t h e  d B ( D )  u n i t  would n o t   b e   a f f e c t e d  by t h i s   p o t e n t i a l   m o d i f i c a t i o n  
t o   t h e   c a l c u l a t i o n   o f   t h e  u n i t  PNdB, indeed   the   two units should  tend 
t o  be   more   cons i s t en t   w i th   each   o the r .  

Whether or n o t   t h e   s t a t e - o f - t h e - a r t   h a s   r e a c h e d   t h e   s t a g e   t h a t  
s t a n d a r d i z a t i o n  of how t o   o b t a i n   t h e   u n i t s  PNdB,  EPNdB, dB(D),  and 
EdB(D)  f o r   t h e   q u a n t i t y   p e r c e i v e d   n o i s i n e s s  i s  a matter of   op in ion .   I f  
s u c h   s t a n d a r d i z a t i o n  was deemed a p p r o p r i a t e ,  w e  would recommend t h a t   t h e  
fo l lowing  material be i n v o l v e d ,   w i t h   t h e   r e a l i z a t i o n   t h a t  some changes 
a n d   s i m p l i f i c a t i o n s . w i l 1   u n d o u b t e d l y   t a k e   p l a c e   w i t h   f u r t h e r   r e s e a r c h .  

The i n c l u s i o n   i n   t h e   f o l l o w i n g   p r o c e d u r e s   o f   t o n e ,   o n s e t   d u r a t i o n ,  
and i m p u l s e   l e v e l   c o r r e c t i o n s  i s  d e b a t a b l e ;   t h e y   c o u l d   r e a d i l y  be elimi- 
n a t e d   f r o m   t h e   p r o c e d u r e s   i f   s u c h   s i m p l i f i c a t i o n  seems necessa ry .  The 
i n c l u s i o n  of t h e  somewhat less, o n   t h e   a v e r a g e ,   a c c u r a t e   u n i t   f o r   p e r -  
c e i v e d   n o i s i n e s s ,  of  dB(A) i s  j u s t i f i e d  on t h e . b a s i s  of i t s  widespread 
u s e   f o r   t h i s   p u r p o s e ,   b e c a u s e  it i s  a v a i l a b l e   o n  sound l e v e l  meters and 
roughly   approximates   the   D-weight ing   prescr ibed   here in  more c l o s e l y   t h a n  
do   f requency   weight ings  C and B. 

D e f i n i t i o n s  of Te rms  

Impu l se   In t e rva l s   o f  Sound. When t h e   o v e r a l l  sound p r e s s u r e   l e v e l  
changes   du r ing   any   . 5 - sec   i n t e rva l   o f  time 40 o r  more dB,  t h e  sound 
d u r i n g   t h a t   i n t e r v a l  i s  ca l l ed   impu l s ive .  

Non-Impuls ive   In te rva ls  of Sound. A l l  . 5 - s e c   i n t e r v a l s  of sound 
t h a t  are not   impuls ive .  

Sound P res su re   Leve l  (SPL) i n  Decibels (dB) .  The  sound p r e s s u r e  
l e v e l  re 0.0002 pbar   as   measured by  means  of a meter or r e c o r d i n g   d e v i c e  
t h a t  meets t h e   s p e c i f i c a t i o n s   o f  a sound l e v e l  meter (SLM) set on "slow" 
i s  c a l l e d  dB when t h e   f l a t - f r e q u e n c y   w e i g h t i n g  i s  used .  The SLM charac-  
t e r i s t i c s  are s p e c i f i e d   i n  document S1.4,  1961, General   Purpose Sound 
Leve l   Me te r ,   Amer ican   Na t iona l   S t anda rds   In s t i t u t e ,   Inc . ,  (ANSI) 1430 
Broadway, N e w  York, New York. 

1/3 Octave and Octave Band Level .  The SPL re 0.0002 pbar   as   measured 
on a SUI set on "slow" and f l a t - f r equency   we igh t ing   i n   con junc t ion   w i th  
1/3 octave  o r  oc t ave  band f i l t e r s   h a v i n g   c u t   o f f   f r e q u e n c i e s   a s   s p e c i f i e d  
i n  ANSI document S1.6,  1967. 
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Sound i n  .5-sec Intervals of Time. The  sound p r e s s u r e  l e v e l ,  band 
o r   o v e r a l l ,  as read  on a SLM set on  slow i s  t a k e n   f o r   p u r p o s e s  of t h i s  
document as t h e  sound p r e s e n t   d u r i n g  a .5-sec in te rva l .  . 

Judged  Perceived  Noisiness .  The a t t r i b u t e   o f  sound t h a t  i s  judged 
as "unwanted" o r  "unacceptable"  as a s t a n d a r d   r e f e r e n c e  sound as a 
f a m i l i a r   p a r t   o f   o n e ' s   g e n e r a l   l i v i n g   e n v i r o n m e n t ,   i n d e p e n d e n t l y   o f   a n y  
cogni t ive  meaning  conveyed by the   sound ,  i s  ca l led   "Judged   Perce ived  
Nois iness . "  The term judged   pe rce ived   no i s ines s  i s  synonymous, f o r  
p u r p o s e s   o f   t h i s   d o c u m e n t ,   w i t h   t h e  term annoyance. 

Noy. The u n i t  o f   pe rce ived   no i s ines s  i s  c a l l e d   t h e  "Noy." Noy 
v a l u e s ,  as t h e  r e s u l t  of  judgment tests conducted i n  t h e   l a b o r a t o r y ,  
have been ass igned  t o  t h e  SPL of   bands   o f   f requencies   p resent   dur ing  an 
i n t e r v a l  of   .5  secs as shown i n  F i g u r e  A - 1  and Table  A-1 .  

- 

Calcula ted   Perce ived   Noise  Level (PNL) i n  PNdB and Maximum  PNL i n  
Max PNdB. A means o f   e s t i m a t i n g   t h e   J u d g e d   P e r c e i v e d   N o i s i n e s s   f o r  a 
. 5 - s e c   i n t e r v a l   o f  a g iven  sound  from t h e  n o y   v a l u e   f o r   t h a t  . 5  sec of 
the   g iven   sound.  The  sum, as c a l c u l a t e d   a c c o r d i n g   t o   p r e s c r i b e d   p r o -  
cedures ,   o f   t he  noy v a l u e s  of a frequency band or f requency  bands  of  
sound is des igna ted  as Perce ived   Noise   Level   in  PNdB. The h i g h e s t  
va lued   o f   t he  PNdBs c a l c u l a t e d   f o r   e a c h   . 5 - s e c   i n t e r v a l   d u r i n g   t h e  
occurrence  of a sound i s  c a l l e d   t h e  Max  PNdB of   the  sound.   (Note:  Two 
a l t e r n a t i v e   m e t h o d s  of c a l c u l a t i n g   t h e   u n i t  PNdB w i l l  be   given  below.)  

PNL i n  dB (D ) and dB ( A )  , and Maximum  PNL i n  Max dB (D)  and Max  dB (A ) . 
The l e v e l ,  as read on  a SLM wi th  a D- or A-frequency  weight ing  charac-  
t e r i s t i c  and set on   " s low"   me te r   ac t ion   des igna ted   a s   t he  PNL i n  d B ( D )  
or dB(A)  r e s p e c t i v e l y  for each .ti-sec i n t e r v a l   d u r i n g   t h e   o c c u r r e n c e  of 
a sound.  dB(A)  and d B  ( D )  can  a lso  be  found by a power  summation of 
weighted  f requency band l e v e l s .  The h ighes t   va lued  dB(D)  and d B ( A )  i n  
any . 5 - s e c   i n t e r v a l  i s  c a l l e d  Max dB(D) or Max dB(A) r e s p e c t i v e l y  of  a 
given  sound.  See  Table A-2 f o r  D- and A-weight ings;   weight ing D i s  
recommended above D for t h i s   p u r p o s e .   ( N o t e :   I n   o r d e r   t o  make t h e  
u n i t s  PNdB, dB(D), and  dB(A) numer i ca l ly   equa l ,  on t h e   a v e r a g e ,   t o   e a c h  
o t h e r ,  a c o n s t a n t  of 6 i s  added t o  dB(D ) and 13 t o  dB(A). The resul ts  
are des igna ted  as dB(D' ) and  dB(A' ) r e s p e c t i v e l y .  ) 

2 
1 

2 

Threshold   o f   Perce ived   Nois iness .  A l e v e l   m e a s u r e d   d u r i n g   t h e   d a y  
( t h e   h o u r s   o f  7 a.m. t o  10 p.m.)  indoors  of 40 PNdB, dB(D' ) ,  o r  dB(A' ) ,  
or a level  measured  outdoors   of  60 PNdB,  dB (Dl  ) , or dB (A' ) i s  s p e c i f i e d  
as t h e   t h r e s h o l d  of p e r c e i v e d   n o i s i n e s s .   T h i s   t h r e s h o l d   d u r i n g   t h e  
n i g h t   ( t h e   h o u r s  10 p.m. t o  7 a .m.  i s  10 PNdB, dB(D) o r  dB(A)  lower  than 
d u r i n g   t h e   d a y .  
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Table A-1 .  ANTILOG (base  10)  of SPL/lO AND NOYS AS A FUNCTION  OF SPL 

This   formula t ion  fo r  noys   represents   an   approximat ion  t o  t h e   c o n t o u r s  of F i g .  A - 1  and i s  used 
a s  a p rac t i ca l   conven ience   fo r   compute r   ca l cu la t ion   o f   pe rce ived   no i s ines s  ( R .  A. Pinker ,  
Computation  of  Perceived  Noise L e v e l :  Mathematical   Forinulation of t h e  Noy Tables .  Note NT, 
684, Minis t ry   o f   Avia t ion ,   Farnborough,   Grea t   Br i ta in ,   February  1968.) 
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Table  A-2 

A- AND D-WEIGHTING 'NETWORKS 

( A l l   v a l u e s   a r e  i n  dB r e l a t i v e   t o   t h e   v a l u e  of 1000 Hz) 

T o l e r a n c e  
Frequency (Hz) Rela t ive   Response   Level  (dB) ( A l l   v a l u e s   a r e  ?) 

A !! 
50 
63  
8 0  

100 
125 
160 
200 
250 
315 
4 00 
500 
63 0 
800 

1000 
1250 
1600 
2000 
2500 
3150 
4000 
5000 
63 00 
8000 
10000 

-30.2 
-26.1 
-22 .3  
- 1 9 . 1  
-16.2 
-13 .2  
-10.8 
- 8.0 
- 6 . 5  
- 4 . 8  
- 3.3 
- 1 . 9  
- 0 . 8  

0 
+ 0 . 5  
+ 1 .0  
+ 1 . 2  
+ 1 . 2  
+ 1 . 2  
+ 1 . 0  
+ 0 . 5  
- 0 . 2  
- 1.1 
- 2 . 5  

-19 
-17 
-14 , 

-11 
- 9  
- 7  
- 5  
- 3  
- 1  
0 
0 
0 
0 
0 

+ 2  
+ 6  
+ a  
+10 
+11 
+11 
+10 
+ 9  
+ 6  
+ 3  

1 . 0  
1.0 
1 .0  
1 . 0  
1 . 0  
1 . 0  
1 .0  
1.0 
1.0 
1 . 0  
1 .0  
1 . 0  
1 . 0  
1 .0  
1 . 0  
1 .0  
1 . 0  
1 .0  
1 .0  
1 .0  
1 . 0  
1 . 5  
1 . 5  
2 . 0  

4 3  



Prac t ica l   Threshold   o f   Perce ived   Nois iness .   For   the   purpose   o f   the  
measurement o r   c a l c u l a t i o n   o f   p e r c e i v e d   n o i s i n e s s   o f   o c c u r r e n c e s   o f  
i n d i v i d u a l   s o u n d s  i t  i s  f o u n d   s u f f i c i e n t l y  accurate t o   d e f i n e   a s   t h e  
t h r e s h o l d   o f   p e r c e i v e d   n o i s i n e s s ,   t h e   l e v e l   t h a t  i s  1 5  PNdB, dB(D) o r  
dB(A)4t  below t h e   h i g h e s t  (Max) l e v e l  when t h e   h i g h e s t   l e v e l  i s  g r e a t e r  
t han  55  (45 a t  n i g h t )  PNdB, d B ( D ' ) ,  o r  d B ( A ' )  when measured  indoors  and 
g rea t e r   t han   75   (65  a t  n i g h t )  PNdB, d B ( D ' )  or   dB(A')  when measured 
ou tdoor s .  

Duration  of  the  Occurrence  of a  Sound.  The time i n  seconds  between 
t h e  moment a  sound s t a r t s   t o   r i s e  a b o v e   t h e   t h r e s h o l d   o r   p r a c t i c a l   t h r e s h -  
o ld   o f   pe rce ived   no i s ines s  and the   next   succeeding  moment i n  time it 
r e c e d e s   t o   t h e   t h r e s h o l d  or p r a c t i c a l   t h r e s h o l d  of n o i s i n e s s .  

Onset  Duration. The t i m e   b e t w e e n   t h e   f i r s t   . 5 - s e c   i n t e r v a l  a  non- 
impulsive  sound i s  a t  Max PNL and t h e   l a s t   p r e c e d i n g   . 5 - s e c   i n t e r v a l   t h e  
sound was a t   t h e  PNL o f   t he   background   no i se ,   o r   t he   t h re sho ld   o f   no i s i -  
n e s s ,  o r  t h e   p r a c t i c a l   t h r e s h o l d  of no i s ines s ,   wh icheve r  i s  h i g h e r ,  i s  
t a k e n   a s   t h e   o n s e t   d u r a t i o n   o f  a non-impulsive  sound. 

O n s e t   C o r r e c t i o n .   T h e . o n s e t   d u r a t i o n   i n   s e c o n d s  i s  used t o   d e t e r -  
mine  a c o r r e c t i o n   v a l u e   ( c a l l e d   o c ) .  

Impulse   Level .   The   d i f fe rence   in  PNL i n  PNdB, d B ( D )  or d B ( A )  of 
an  impulse  from  the PNL of   the  background  noise  i s  c a l l e d   t h e   i m p u l s e  
l e v e l .  

Impulse   Level   Correc t ion .  The i m p u l s e   l e v e l   i n  PNdB, dB(D)  or 
d B ( A )  i s  used t o   d e t e r m l n e  a c o r r e c t i o n   v a l u e   ( c a l l e d   i c ) .  

Ca lcu la t ed   E f fec t ive   Pe rce ived   No i se   Leve l  (EPNL) i n  EPNdB. EdB(D)  
and EdB(A) .  The sum a s   c a l c u l a t e d  by formulae   to   be   g iven   .be low  of  
PNdBs, d B ( D ) s ,  or d B ( A j s  i n   s u c c e s s i v e   . 5 - s e c   i n t e r v a l s   d u r i n g   t h e   o c c u r -  
rence  of a  sound,  minus 1 2  p l u s  a c o r r e c t i o n   f o r   o n s e t   d u r a t i o n  or impulse 

10 PNdB, d B ( D )  or dB(A)  be low  the   h ighes t  (Max) l e v e l   h a s   g e n e r a l l y  
been  used i n   t h e   p a s t   a s   t h e   p r a c t i c a l   t h r e s h o l d   o f   p e r c e i v e d   n o i s i -  
ness   par t ly   because   o f   l imi ted   dynamic   range   of   the   phys ica l   no ise  
measurements ,   and  par t ly   because for t y p i c a l   n o i s e s   f r o m   p a s s i n g   a i r -  
c r a f t  and  highway v e h i c l e s ,  tests show t h i s   t o  be a r e a s o n a b l y   s a t i s -  
f a c t o r y   t h r e s h o l d .  However, w i t h   t h e   a d v e n t   o f   h e l i c o p t e r   n o i s e s  or 
o t h e r   n o i s e s   h a v i n g  a  more e r r a t i c  or more   s lowly   changing   leve l   in  
time, it i s  b e l i e v e d   t h a t   t h e  15-"dB" range  i s  a  more r e a l i s t i c  and 
a c c u r a t e   r a n g e   t o   u s e   i f   p h y s i c a l   m e a s u r e m e n t s   p e r m i t .  
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l e v e l ,  as a p p r o p r i a t e .  The sum o f   t h e s e   c a l c u l a t i o n s  i s  c a l l e d  EPNdB, 
EdB(D), o r  EdB(A) r e s p e c t i v e l y .  The v a l u e  -12 comes  from the   cho ice   o f  
16 o n e - h a l f   s e c o n d   i n t e r v a l s   ( a   d u r a t i o n   o f  8 sec) as a s tandard   dura-  
t i o n   t o  which a l l   e f f e c t i v e  levels are r e f e r r e d ,  

Composite  Noise  Rating (CNR) from EPNdB, EdB(D' ), or EdB(A' ). The 
sum, as measured o r   c a l c u l a t e d   a c c o r d i n g   t o   t h e   p r e s c r i b e d   f o r m u l a e ,   o f  
t h e  EPNLs d u r i n g  a 24-hour time c y c l e   a t  a g i v e n   l o c a t i o n  i s  d e s i g n a t e d  
as t h e   C o m p o s i t e   N o i s e   R a t i n g   f o r   t h a t   l o c a t i o n .  

T o l e r a b l e  L i m i t s .  Maximum amount   of   noise   that  w i l l  p e r m i t   e f f e c t -  
i v e   u t i l i z a t i o n  of a s p a c e   f o r  i t s  normal  use by the   ave rage   pe r son  who 
is  a d a p t e d   t o   t h e   n o i s e   a s   t h e   r e s u l t  of r e p e a t e d   n e a r   d a i l y   e x p o s u r e   t o  
no i se .  The u s e   t o  which  a  space i s  p u t  and, t o  a s i g n i f i c a n t   d e g r e e ,   t h e  
soc ioeconomic   s t a tus   o f   t he   u se r s   p r imar i ly   de t e rmine   t he  amount of n o i s e  
t h a t  i s  t o l e r a t e d .  
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C a l c u l a t i o n   P r o c e d u r e s   f o r   P e r c e i v e d  Noise Level  (PNL),  and E f f e c t i v e  
Perce ived  Noise Level (EPNL) 

PNL i n  PNdB 

S t e p  1. De te rmine   t he   sound   p re s su re  l e v e l  t h a t   o c c u r s  i n  e a c h  
1/3 o r  f u l l  octave band i n   e a c h   s u c c e s s i v e   . 5 - s e c   i n t e r v a l  of time. 

S t e p  2 :  1/3 Octave  Bands. Add on a 10 l o g l o   a n t i l o g  basis t h e  
band l e v e l s   o f   t h e  1/3 oc tave   bands   hav ing   t he  center f r e q u e n c i e s   o f :  

a .  5 0 ,  6 3 ,  and 100 H z  and a s s i g n   t h e   r e s u l t   t o   t h e  band c e n t e r  
f r e q u e n c y   h a v i n g   t h e   g r e a t e s t   i n t e n s i t y .  

b .   1 2 5 ,   1 6 0 ,  and 200 H z  and a s s i g n   t h e   r e s u l t   t o  a band c e n t e r  
f r e q u e n c y   h a v i n g   t h e   g r e a t e s t   i n t e n s i t y .  

c .  250  and 315 H z  and a s s i g n   t h e   r e s u l t   t o   t h e  band c e n t e r   f r e -  
q u e n c y   h a v i n g   t h e   g r e a t e s t   i n t e n s i t y .  

Note: I f   t h e   g r e a t e s t   i n t e n s i t y   i n   S t e p   2 a ,   b ,  and c is  p r e s e n t  
i n  more than   one  band w i t h i n  a s t e p ,   a s s i g n   t h e  sum t o   t h e  band w i t h  
t h e   h i g h e s t   f r e q u e n c y  and a h i g h e s t  SPL. 

[S tep   2 :   Ful l   Octave   Bands .  Add on a 1 0   l o g   a n t i l o g   b a s i s   t h e  * 
band l e v e l s   o f   t h e   o c t a v e   b a n d s   h a v i n g   t h e   c e n t e r   f r e q u e n c i e s   o f   6 3 ,  
and  125 Hz and a s s i g n   t h e   r e s u l t  t o  the band cen te r   f r equency   hav ing  
t h e   g r e a t e s t   i n t e n s i t y .  

10 

Note: I f   t h e   i n t e n s i t y  is  t h e  same i n   t h e  two b a n d s   a s s i g n   t h e  
sum t o   t h e   c e n t e r   f r e q u e n c y   o f   1 2 5  H z . ]  

S t e p  3 .  I f   any  band (or summed bands  below  355 H z )  f o r  non- 
impulsive  sounds is  abutted  above  and  below  by  bands (or summed bands 
below  355 H z )  t h a t  are b o t h  less i n t e n s e   t h a n   t h e   i n - b e t w e e n   b a n d ,  a 
c o r r e c t i o n  is  d e t e r m i n e d   f r o m   t h e   a p p r o p r i a t e   a b s c i s s a   o n   F i g u r e  A-2  
and  added t o  t h e  SPL o f   t h e  respective bands or summed bands.  

* S t e p s  2 and 5 are g i v e n   f o r   b o t h  1/3 o c t a v e  and f u l l   o c t a v e   b a n d s  and 
a r e   t o  be used   acco rd ing   t o   wh ich   bands  are u s e d   f o r   t h e  band spectrum 
a n a l y s i s   o f  a g iven   sound.  
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0 I I I I I 
OCTAVE  BANDS 3 6 I O  15 20 25 dB 

113 OCTAVE BANDS 3 6 10 15 20 25 30 dB 

FIGURE A-2 SHOWING  DECIBEL  CORRECTION TO BE ADDED TO SPL 
OF  BAND  THAT  EXCEEDS  ADJACENT  BANDS  BY  AMOUNT 
SHOWN ON ABSCISSA. See Step 3, section  2.1  of text. 
Parameter is band center  frequency. 
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where LB i s  t h e  SPL i n  dB of band (or sum of bands  below 355 Hz) B .  
B-1 i s  t h e   a b u t t e d   l o w e r   f r e q u e n c y   b a n d ,  B+1 i s  t h e   a b u t t e d   h i g h e r  fre- 
quency  band.   The  addi t ion of h-l t o  LB+l i s  arithmetic. 

Note 2 :  When t h e   h i g h e s t   f r e q u e n c y  band  of a sound is 3 dB more 
i n t e n s e   t h a n   t h e  band  immediately  below i t ,  $+I i s  t a k e n  as 3 .  When 
t h e  lowest frequency  band  of a sound is 3 dB more i n t e n s e   t h a n   t h e  band 
immediately  above i t ,  k-1 is  t a k e n  as 3 .  

Note 3 :  Care must  be  taken t o   e n s u r e   t h a t   t h e   p r e s e n c e   o f  a pure 
t o n e  or very  narrow band (less t h a n  1/3 o c t a v e  w i d e )  o f   concen t r a t ed  
energy  i s  n o t   o v e r l o o k e d   b e c a u s e   t h e   c e n t e r   f r e q u e n c y   o f   t h e   t o n e  or 
narrow  band  of  sound is a t  or n e a r   t h e   c r o s s o v e r   f r e q u e n c i e s   b e t w e e n  
t w o   a d j a c e n t   f i l t e r   b a n d s .  When t h e r e  are pure-tone or very  narrow 
band spec t r a l   componen t s  a t  or n e a r   f i l t e r   c r o s s o v e r   p o i n t s   b e t w e e n   t w o  
a d j a c e n t   f i l t e r   b a n d s ,  add t h e   a p p r o p r i a t e  amount  found i n   F i g u r e  A-2 
t o   t h e  band   o f   h ighe r   i n t ens i ty ,  or t o   t h e  band  of   higher   f requency when 
the   two   ad jacen t   bands  are o f   e q u a l   i n t e n s i t y .  

S t e p  4 .  F ind   the   noy   va lues  from Table  A-2 f o r :  (1) t h e  summed 
band l e v e l s ,   a t   t h e   a s s i g n e d   c e n t e r   f r e q u e n c i e s  a t  and below  355 H z  as 
o b t a i n e d   i n   S t e p  2 and a s   c o r r e c t e d  i n  S t e p   3 ;  and (2)  t h e  band l e v e l s  
p r e s e n t   i n   e a c h  band   hav ing   cen te r   f r equenc ie s  a t  and  above 355 H z ,  as 
corrected i n   S t e p  3 .  

S t e p  5 :  1/3 Octave  Bands. Add t o  t h e  l a rges t   noy   va lue   ob ta ined  
f o r   a n y   s i n g l e  band i n   S t e p  4 t h e  sum of t h e   n o y   v a l u e s   f o r   a l l   t h e  
o t h e r   b a n d s   a s   f o u n d   i n   S t e p  4 m u l t i p l i e d  by .15. The r e s u l t  i s  called 
PN f o r   t h a t   . 5 - s e c   i n t e r v a l   o f  a g iven   sound.  

[Step  5:   Octave  Bands.  Add t o  t h e   l a r g e s t   n o y   v a l u e   o b t a i n e d   f o r  
a n y   s i n g l e   b a n d   i n   S t e p  4 t h e  sum of t h e   n o y   v a l u e s   f o r  a l l  t h e   o t h e r  
bands   a s   found   i n   S t ep  4 m u l t i p l i e d   b y  . 3 .  The r e s u l t  is cal led PN 
(Oc t  . ) for t h a t   . 5 - s e c   i n t e r v a l  of a given  sound.  ] 

S t e p  6 .  Conver t   the  PN f o r   e a c h   . 5 - s e c   i n t e r v a l   o f   s o u n d   i n t o  
PNdB b y   r e f e r e n c e   t o   T a b l e  A-3 .  The r e s u l t  i s  called PNdB f o r   e a c h  
.5-sec   in te rva l   o f   sound.  

Note : A l l  u n i t s   o f  PNdB and EPNdB, d i s c u s s e d  l a t e r ,  c a l c u l a t e d  
from oc tave   band   spec t r a  are t o  be   des igna ted  as PNdB ( O c t  . ) ,  Max  PNdB 
( O c t .  ) , and EPNdB ( O c t  .) . PNdB, Max PNdB, and EPNdB wi thout   qUal i f iCa-  
t i o n  are t h o s e   c a l c u l a t e d   f r o m  1/3 o c t a v e  band s p e c t r a .  
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Table A-3 

PERCEIVED  NOISE LevLL IN STEPS O? 1 PNdB AS PVNCTION O? TOTAL 
PERCEIVED  NOISINESS OF A SOUND. 

PN i 

1 .o 

43 1 .3 1.2 
42 1.2 1.1 
41 1.1 1 .I 
40 1 .o 

1.3 r.4 44 
1 A  1.5 45 
1.5 

49 1.9 1.9 
48 I .8 1.7 
47 1.7 1.6 ' 

46 1.6 

2.0 2. I 50 
2.1 2.2 51 
2.3 2.4 52 
2.5 2.5 53 
2.6 2.7 54 
2.8 55 2.9 

1 .o 
I .1 
1.1 
1.2 

1 .I 
I .4 
1.5 
1.6 
1.7 
I .9 

2.0 
2.1 
2.3 
2.5 

2.8 
2.6 

3.2 
3.0 

3.5 
3.7 

4.2 
4.0 

4.5 
4.8 
5.2 
5.6 
5.9 
6.4 

6.8 
7.3 
7.8 
8.4 
9.0 
9.6 

10.3 
l l D  
11.8 
12.6 
13.6 
14.5 

15.5 
16.7 
17.8 
19.1 

21.9 

23.5 
25.2 
27.0 
21.9 

332  
31.0 

35.6 
35.2 
40.9 

20.5 

SO.3 
s3.9 

57.8 
61.9 64.0 
66.4 

66.3 
71 .o 

71.1 73.5 76.1  102 
762 78.8  81.6 
81.7 84.4 87.4 101 

87.5 W.5 93.7 105 
93.8 971) 1m.4 106 

100.5 104.0 107.6  107 
107.7 111.4 115.3 1 0  
115.4 119.4 123.6 109 
123.7 128.0 132.5 110 

3 .O 
3.2 
3.5 
3.7 
4.0 
4.3 

3.1 
3.4 
3.6 
3.9 
4.1 
4.4 

56 
57 
58 

60 
59 

61 

132.6 
142.1 
152.3 
163.2 
174.9 
187.5 

137.2 
147.0 
157.6 
168.9 
181.0 
194.0 

142.0 
152.2 
163.1 
174.8 
187.4 
m.8 

111 
112 
113 
114 
115 
116 

4.6 
4.9 
5.3 
5.6 
6.1 
6.5 

4.7 
5.1 
5.5 
5.8 
6.3 
6.7 

62 
63 
64 
65 
66 
67 

200.9 
21 5.4 
230.8 
247.4 
265.4 
2 u .  1 

207.9 
222.8 
238.8 
256.0 
274.4 
tw.0 

21 5.3 
230.7 
247.3 
265.0 
2U.0 
304.4 

117 
118 
119 
110 
121 
1 0  

304.5 115.2 326.3 
326.4  337.8 349.7 
349.8 362.0 374.8 
374.9  388.0  401.7 
4 0 1  .8 415.8 49 .5  
430.6 445.7 

461.5  477.7  494.5 
4M.6 51 2.0 

548.7 
530.0 

530.1  568.1 
568.2  588.1 6m.9 
609.0 630.3 652.6 
652.7 675.5 699.4 

699.5  724.1 749.6 
749.7 776.0 (03.3 136 
803.4 Ul.7 861.1 
861.2 891 .4 922.9  138 
923.0  955.4 Pt9.1  139 
989.2 1024.0 1060.1 140 

- " 
7.0 

8.6 
9.2 
9.8 102 

10.6  10.9 
11.3  11.7 
12.1 
13.0 13.5 
13.9  14.4 
14.9  15.4 

68 
69 
70 
71 
72 
73 

74 
75 
76 
77 

79 
7a 

16.0 
17.1 
18.4 
19.7 
21.1 
22.6 

16.6 
17.7 
19.0 
20.4 
21.8 
13.4 

80 
81 
82 
83 
w 
85 

u . 2  
26.0 
27.8 
29.8 
32.0 
34.3 
36.8 
39.4 
42.2 

25.1 

28.8 
26.9 

30.9 
33.1 
35.5 
38.1 
40.8 
43.7 

86 
87 
88 
89 
90 
91 
92 
93 
94 

16602 
11 36.2 
1217.8 
1305.2 
1393.9 
14992 
1606.8 
1722.2 
1845.8 

1091.5 
1176.2 
1260.6 
1351.1 
1448.2 
1 55Zl 
1643.4 
1782.8 
1910.7 

1136.1 
1217.7 
1305.1 
1398.8 
1499.1 
1 W . 7  
1m.1 
1845.7 
~ n . 2  

141 
142 
143 
144 
1 0  
146 
147 
148 
149 



[ A l t e r n a t i v e   S t e p  5. Find  from  Table A-2 t h e  10 ant i log lO  va lues  
f o r   t h e  SPL of t h e  band  centered a t  1000 H z  t h a t   h a s   t h e  same or c l o s e s t  
noy  value as e a c h  of t h e   b a n d s ,  or summed bands  below 355 Hz, as cor -  
r e c t e d   i n   S t e p  3. Sum t h e s e  10 l o g l o   v a l u e s . ]  

[ A l t e r n a t i v e   S t e p  6 .  Conver t   t he  sum found i n   A l t e r n a t i v e   S t e p  5 
i n t o  “dB” b y   r e f e r e n c e   t o   t h e   l e f t - h a n d   c o l u m n s  of Table  A-2. Add t o  
t h i s   v a l u e   t h e   c o n s t a n t  number 1 2 .   T h e   r e s u l t  i s  c a l l e d  PNL i n  PNdB’ 
f o r   e a c h   . 5 - s e c   i n t e r v a l  of time. 1 
1’ 

PNL i n  dB(D) or dB(A), and  dB(D’) o r  dB(A’) 

S t e p  1. Read t h e   h i g h e s t   v a l u e   r e a c h e d   i n   e a c h   . 5 - s e c   i n t e r v a l  of 
sound on a SLhl w i t h  D- or A-frequency  weight ing and set 
a c t i o n .  The r e s u l t  i s  c a l l e d  PNL i n  dB (D) or dB (A) for 
of sound . 

on slow meter 
e a c h   i n t e r v a l  

S t e p  2 .  Add a c o n s t a n t   t o   t h e s e  meter r e a d i n g s   i n  
Tab le   A-4 , ’ a s   app ropr i a t e .  The r e s u l t  i s  c a l l e d  PNL i n  
for e a c h   i n t e r v a l  of sound.  

accordance   wi th  
dB(D’) or dB(A‘) 

Max P N L  

S t e p  1. Find   the   h ighes t   va lued  PNL for a n y   . 5 - s e c   i n t e r v a l   d u r i n g  
the   occu r rence  of  a g iven   sound .   Th i s   va lue  is  c a l l e d   t h e  Max  PNL. 

Note : By d e f i n i t i o n  PNL and Max  PNL a r e   t h e  same f o r   i m p u l s i v e  
sounds . 

EPNL fo r   Impu l s ive  and  Non-Impulsive Sound 

Formula 1: EPNL = 1 0   l o g  (PNLi/lO) -12-1- oc -+ i c  
-1 

10  1 
w h e r e   a r e   s u c c e s s i v e   . 5 - s e c   i n t e r v a l s  of time, oc is an onse t -  
d u r a t i o n   c o r r e c t i o n ,  and i c  an  impulse l e v e l  c o r r e c t i o n .  

S t e p  1. Sum on a 10 l o g l o   a n t i l o g   b a s i s   t h e  PNLs found  occur r ing  
i n   . 5 - s e c   i n t e r v a l s   b e t w e e n   p o i n t s   i n  time t h e   l e v e l  i s  above   t he   t h re sh -  
old or t h e   p r a c t i c a l   t h r e s h o l d  or p e r c e i v e d   n o i s i n e s s .  
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Table A-4 

ESTIMATED  CONSTANT M BE  ADDED M S M  VALUES, SMW METER  ACTION, TO APPROXIMATE  PNdB 

r 
Non-1mpulsi.de Sounds Impulsive  Sounds 

Maximum Energy in   Freq .   Region  Rise Times   Shor te r   than  0.1 msec 

Durat ion 

Longer  than Shor t e r   t han   0 .4  t o  
Below 400 Hz . o  mSec Above 1200 Hz 400-1200 Hz 4 . 0  msec 0.4 msec Average 

dB (D) 

13 15 11 13 15 11 12 dB(A) 

6 6 6 7 6 6 6 

c 

Note: The  values of t h e   c o n s t a n t s   g i v e n   i n   t h i s   t a b l e   a r e   f o r   t y p i c a l   b r o a d b a n d   s o u n d s .  For 
a c c u r a c y ,   p a r t i c u l a r l y   w i t h   s o m d s   c o n t a i n i n g   c o n c e n t r a t i o n s   o f   e n e r g y   i n   n a r r o w  fre- 
quency  bands or f o r . d i f f e r e n t   c l a s s e s   o f   s o u n d s ,   s p e c i f i c   c o n s t a n t s   f o r  dB(D) or dB(A) 
should  be  determined by means o f   c a l c u l a t i o n s  or measurements  that   permit  comparison 
between dB(D) or dB(A) and PNdB. 
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Note 1: T h e   p r a c t i c a l   t h r e s h o l d  
used as a s t a r t i n g   p o i n t   o n l y  when it 
n o i s i n e s s .  

Note 2:  The p r a c t i c a l   t h r e s h o l d  
used   on ly  when c o n s i d e r a t i o n s   r e l a t e d  

of pe rce ived   no i s ines s   shou ld   be  
e x c e e d s   t h e   t h r e s h o l d  of perce ived  

of pe rce ived   no i s ines s   shou ld  be 
t o  sound  measurement  procedures 

and   inde termina te   knowledge   about   background  no ise   condi t ions  makes t h e  
u s e  of t h e   t h r e s h o l d  of p e r c e i v e d   n o i s i n e s s   i m p r a c t i c a l .  

S t e p  2 .  S u b t r a c t  12 from the number  found i n   S t e p  1. 

Note: The sum -12 comes- from t h e   u s e   o f  8 seconds as a r e f e r e n c e  
d u r a t i o n ,   t h e   n o m i n a l   d u r a t i o n   o f   t h e   r e f e r e n c e   s t a n d a r d  as d e f i n e d ;  
s p e c i f i c a l l y ,  -12 = 10 l o g  8 / . 5 ,  where 8 i s  t h e   r e f e r e n c e   d u r a t i o n ,  
.5 is the  . 5 - s e c   i n t e r v a l  a t  wh ich   sound   p re s su re   l eve l s  are measured,  
and 10 l o g  i s  c o n v e r s i o n   t o   e q u i v a l e n t   d e c i b e l s .  

10 

10 

S t e p  3 .  Find t h e  o n s e t   d u r a t i o n   o f  t h e  sound i n   s e c o n d s   a b o v e   t h e  
PNL of t h e  background  noise .  

Note 1: The p r a c t i c a l   t h r e s h o l d  of n o i s i n e s s   s h a l l   b e   u s e d   i n   p l a c e  
o f   t h e  PNL of   the   background  no ise  when t h e  l a t t e r  is n o t  known or has 
not  been  measured. 

S t e p  4 .  E n t e r   F i g u r e  4 w i t h   t h i s   d u r a t i o n   a n d   r e a d   t h e   c o r r e c -  
t i o n ,  oc. Add t h e   c o r r e c t i o n  t o  t h e  number  found i n   S t e p  2 .  

S t e p  5 .  Find the  d i f f e r e n c e   i n  PNL b e t w e e n   t h e   l e v e l   r e a c h e d   d u r i n g  
impu l s ive   i n t e rva l   o f   sound  and t h e  PNL of t h e  background  noise .  

S t e p  6 .  Find from F i g u r e  8 of t e x t  the i m p u l s e   l e v e l   c o r r e c t i o n ,  
i c ,  for the  d i f f e r e n c e   f o u n d   i n   S t e p  5 .  Add i c  t o  t h e  r e s u l t   o f   S t e p  4 
above .   The   r e su l t  is  cal led EPNL i n  EPNdB, EPNdB', EdB(D) , EdB ( A ) ,  
EdB (D ') , or EdB (A')  depending  on t h e  b a s i c   u n i t  of measurement  used. 

Recommended U n i t s   f o r   E s t i m a t i n g   J u d g e d   N o i s i n e s s  

It i s  recommended t h a t  EPNL i n  EPNdB (or EPNdB') be used as the  
b a s i c   u n i t   f o r   e s t i m a t i n g  t h e  j u d g e d   e f f e c t i v e   p e r c e i v e d   n o i s i n e s s   o f  
sounds .   Fo r   gene ra l   no i se   su rvey  and mon i to r ing   pu rposes ,  EPNL i n  
EdB(D) as measured  on a f requency  weighted  sound  level  meter i s  s u i t a b l e  
for e s t i m a t i n g  the pe rce ived   no i s ines s   o f  a sound or sound  environment.  
EdB(A) is  o f t e n   a d e q u a t e   b u t   n o t   g e n e r a l l y  as a c c u r a t e   i n  t h i s  r e g a r d  
as EPNdB or EdB (D) , 

Note: PNL values   based  on 1/3 oc tave   band   spec t r a   a r e   t o   be   p re -  
f e r r e d   t o   t h o s e   b a s e d  on f u l l  oc t ave   band   spec t r a .  
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" C a l c u l a t i o n  ~. _ _ _ ~ ~ .  ~ ~~ Procedures  "_ . f o r  . Composite ~. Noise  Rating (CNR) 

." ~ 

C a l c u l a t i o n   o f  CNR from EPNL Values 

Formula  2:  CNR = 0 ] 0 [EPNL2+10 loglo02] 0 . . , 
1 0  1 

1 0  p.m.-7 a . m .  

@[EPNL n +lo loglo 0 I]] -120 [ [[E;NL 1P  *+lO;og 10  0 l p  &3 

[EPNL +IO l o g  o ] 0.. .o [EPNL +IO l o g  
2P 1 0   2 p  nP 1 0  0 np  111-2 

where 0 . . O  are numbers of occurrences  of   sounds of EPNLs 1 th rough  
n d u r i n g   t h e  hours of 7 a .m. t o  10 p.m. , and 0 . . .Onp a r e   o c c u r r e n c e s  
of sounds of EPNLs 1 t h r o u g h   n p   d u r i n g   t h e   h o u r s  of 1 0  p . m .  t o  7 a . m .  

1' n 
1 P  

S t e p  1. Add a r i t h m e t i c a l l y   t o   t h e  EPNL of   each  given  value  10  loglo 
of  number of occur rences  of sounds   fo r   each   g iven  EPNL v a l u e .  

S t e p   2 .  Sum on a 1 0   l o g l o   a n t i l o g   b a s i s   t h e   r e s u l t s  of S t e p  1 for 
t h e  t i m e  per iod  of 7 a . m .  t o   1 0  p.m.  and s u b t r a c t   1 2   f r o m   t h e  sum. 

S t e p  3 .  Sum on a 10 l o g   a n t i l o g   b a s i s   t h e  r e s u l t s  of S t e p  1 for 1 0  
t h e  time per iod  of 10 p . m .  t o  7 a.m. and s u b t r a c t  2 from t h e  sum. 

S t e p  4 .  Sum on a 10 log a n t i l o g   b a s i s   t h e  resu l t s  of .Steps 2 and 
3 .  The r e s u l t  is ca l led   the   Composi te   Noise   Rat ing   in  EPNdB, EPNdB', 
EdB(D') , or EdB(A') depend ing   on   t he   un i t s  of sound  measurement  used. 

10 

Calcu la t ion   o f  CNR from PNL Va lues  Taken  Every  .5  Sec . 
7 a.m.-10  p.m. 

Formula 3 :  CNR = .PNL:/lOd- -24 0 

1 0  p.m -7 a . m  

[Ciloglo PNLi/10 "101  -24 
-1 - 11 

where 0 is a d d i t i o n  on 1 0   l o g   a n t i l o g   b a s i s  and . i s  s u c c e s s i v e  
. 5 - s e c   i n t e r v a l s  of time. 

10  1 
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S t e p  1. Sum on a 10 l o g   a n t i l o g   b a s i s   t h e  PNLs of a l l  sounds 
t h a t   e x c e e d  60 a t  a g i v e n   l o c a t i o n   o u t d o o r s ,  or 40 indoors   be tween  the  

10 

hours   of  7 a . m .  t o  .lo p.m. 

S t e p   2 .  Sum on a 10 l o g   a n t i l o g   b a s i s   t h e  PNLs of a l l  sounds 10 
t h a t   e x c e e d  50 a t  a g i v e n   l o c a t i o n   o u t d o o r s ,  or 30 indoors   be tween   t he  
hours  of 10 p.m. and 7 a . m .  and t h e n  add 10 t o   t h e  sum. 

Note : The a d d i t   i o n   o f  10 t o   t h e  sum of PNLs f o r   t h e   h o u r s  of 10 p.m. 
t o  7 a.m. i s  based  on t h e   f i n d i n g   t h a t   p e o p l e   t e n d   t o   c o m p l a i n  more about 
e n v i r o n m e n t a l   n o i s e   i n   t h o s e   h o u r s   t h a n   f o r   t h e   h o u r s  7 a .m. t o  10 p .m . 

S t e p  3 .  Sum on a 10 l o g   a n t i l o g   b a s i s   t h e   r e s u l t s   o f   S t e p s  1 and 
2 and s u b t r a c t   2 4 .  The r e s u l t  i s  ca l led   the   Composi te   Noise   Rat ing  (CNR) 
from EPNdB, EPNdB ', EdB(D') , or EdB(A') depending  on  the  uni ts   of   sound 
measurement  used. 

10 

Note 1: The  number  24 i s  a c o n s t a n t   e q u i v a l e n t   i n   t h e   p r e s e n t  
f o r m u l a t i o n   t o   a n   a r b i t r a r y   c o n s t a n t  o f   1 2   t h a t   h a s   t r a d i t i o n a l l y   b e e n  
i n c l u d e d   i n   t h e   c a l c u l a t i o n  of CNR . 

Note 2 :  CNFts calculated from PNL v a l u e s  w i l l  t e n d   t o  be s m a l l e r  
t h a n  CNRs ca l cu la t ed   f rom EPNLs and less a c c u r a t e   p r e d i c t o r s  of human 
r e s p o n s e   t o   e n v i r o n m e n t a l   n o i s e s   b e c a u s e   o n s e t   d u r a t i o n  and impulse 
l e v e l   c o r r e c t i o n s   a r e   n o t   i n c l u d e d .  

CNFt Obtained  from a Graph 

F igure  A-4 p rov ides  a g r a p h i c  means  of c o n v e r t i n g   n o i s e s  of a g iven  
PNL p r e s e n t   c o n t i n u o u s l y  or i n t e r m i t t e n t l y   d u r i n g  a 24-hour   per iod '   in to  
t h e i r   e q u i v a l e n t   a p p r o x i m a t e  CNR and EPNL v a l u e .  

Note : The CNR and EPNL v a l u e s   t h u s   o b t a i n e d   f r o m   o n l y   t h e  Max  PNLs 
of   no ises  w i l l  b e   c l o s e l y   e q u i v a l e n t   w i t h i n   o n e   u n i t   t o   t h o s e   c a l c u -  
la ted f rom  procedures   g iven  ea r l i e r  whenever  the rise and  decay time of 
t h e   n o i s e s  i s  s h o r t e r   t h a n   t h e   d u r a t i o n   o f   t h e   n o i s e  at its Max  PNL ( f o r  
example,  a d u r a t i o n  a t  Max  PNL of 5 sec w i t h  a rise and  decay  each  of 
less t h a n  5 s e c ) .  When t h e  rise and decay  times of t h e   n o i s e   t o  and 
f r o m   t h e i r  maximum l e v e l s  is a p p r e c i a b l y   l o n g   c o m p a r e d   t o   t h e   d u r a t i o n  
a t  maximum l e v e l  it is  a d v i s a b l e   t o  u s e  t h e   p r o c e d u r e s   g i v e n  ea r l i e r  or 
t o   e n t e r   F i g u r e  A-4 w i t h   e a c h  PNL l e v e l   p r e s e n t   d u r i n g  a 24-hour  period 
f o r   g i v e n   d u r a t i o n s .  
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duration by reading  corresponding  value  on lift-hand  ordinate and  adding 12. 



CNRs f rom  F igure  A-4 for no i ses   p re sen t   du r ing   t he   24 -hour   pe r iod  
a t  d i f f e r e n t  PNLs are combined i n t o  t h e   t o t a l  CNR f o r   t h e  24-hour  period 
by summing t h e   i n d i v i d u a l  CNRs on a 10 log a n t i l o g   b a s i s .  10 

Note 1 : For   example ,  for a g iven   ne ighborhood  the  CNR found by, 
means  of F i g u r e  A-4 o f ,   s a y ,   t h e   r u n u p   n o i s e   f r o m  a i r c r a f t ,  t h e  CNR of 
t h e   n o i s e   f r o m  ,. s a y ,   n e a r b y   i n d u s t r y ,  and t h e  CNR of   passing  motor  ve- 
h i c l e s   c a n   b e   a d d e d   t o g e t h e r   t o   g i v e   t h e   t o t a l  CNR f o r   t h a t   n e i g h b o r h o o d  
from a l l  t h ree   sou rces   combined .  

Note 2 :  The procedure   g iven  ear l ie r  e n t a i l i n g   c a l c u l a t i o n  of CNR 
from EPNL v a l u e s  is the   one   no rma l ly   t o   be   u sed   fo r   measu r ing  t h e  CNR 
of   an   envi ronment   conta in ing  a v a r i e t y   o f   s o u n d s   f r o m   p o s s i b l y   u n s p e c i -  
f i e d   s o u r c e s .   F o r   e x a m p l e ,   t h e   n o i s e   e n v i r o n m e n t  near a highway or a i r -  
p o r t   t h a t  i s  used  by  an  unspecif ied number  of t y p e s   o f   v e h i c l e s   o p e r a t i n g  
a c c o r d i n g   t o  a v a r i e t y  of  more or less u n s p e c i f i e d   p r o c e d u r e s .  

Note 3 : One or t h e   o t h e r  of the   remain ing   two  procedures  is nor-  
m a l l y   t o  be  used f o r   c a l c u l a t i n g   t h e  CNR of  an  environment  from  knowledge 
of t h e  PNLs or EPNLs o f   s p e c i f i e d   s o u r c e s .   F o r   e x a m p l e ,   t h e   n o i s e   e n -  
vironment t o  be   expec ted   near  a highway or a i r p o r t  tha t  w i l l  be used  by 
a s p e c i f i e d  number  and t y p e s  of v e h i c l e s   o p e r a t i n g   a c c o r d i n g   t o   s p e c i f i e d  
p rocedures .  

Behavior  of  People t o  and T o l e r a b l e  L i m i t s  of  Noise  Environments 

The expec ted   behavior   o f   g iven   percentnges  of p e o p l e   h a b i t u a l l y  
l i v i n g  or work ing   i n  a noise   envi ronment   having  a g iven  CNR ou tdoor s  
can  be estimated b y   r e f e r e n c e   t o   F i g u r e  A-3. Max PNdB, d B ( D ' ) ,  or ' 

dB(A ' )   va lues   g iven   a r e   t he   equ iva len t   o f   t he  respective CNR and 2PNL 
v a l u e s   o n l y   f o r  a n o i s e   p r e s e n t   c o n t i n u o u s l y   d u r i n g   t h e   h o u r s   i n d i c a t e d .  
Max PNdB, d B  ( D l )  , o r  dB(A') a r e   n o t   a p p l i c a b l e   f o r   t h e   r e l a t i v e   e v a l u a -  
t i o n  of d i f f e ren t   no i se   env i ronmen t s   where   t he   no i se   changes   apprec i ab ly  
i n   d u r a t i o n  or s p e c t r u m   d u r i n g   t h e  time p e r i o d s   s p e c i f i e d ;  for such  
no i se   env i ronmen t s ,  EPNL, f o r   g i v e n   d a y t i m e  or n i g h t t i m e   p e r i o d s ,  or 
CNR of day   p lus   n igh t t ime   no i se   exposures   shou ld  be u s e d .  

The  amounts  of  noise i n  CNR, EPNL, or i n  Max PNdB, dB (D ') , and 
d B ( A ' )  u n i t s   t h a t   a p p e a r  t o  be t o l e r a b l e ,  as d e f i n e d  e a r l i e r ,  t o   t h e  
average   person  or t y p i c a l  community for i ndoor  and o u t d o o r   n o i s e   a r e  
ind ica t ed   by   a r rows   be low  the   absc i s sa  on F i g u r e  A-3. 

Maximum l e v e l s  i n  PNdB, d B ( D  I ) ,  and  dB(A')  of  more or less s t e a d y  
no i se   t ha t   have   been  recommended as t o l e r a b l e   f o r   v a r i o u s   r o o m s ,   w o r k ,  
and l i v i n g   a r e a s   a r e   a l s o   s p e c i f i e d   i n   T a b l e  A-5. 
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T a b l e  A-5 

T o l e r a b l e  maximum l e v e l s   o r   e x p o s u r e s   i n   v a r i o u s  rooms f o r  more or less 
c o n t i n u o u s  noise from 7 AM t o  10  PM.  Max PNdB, dB(D' ) ,   and   dB(A' )   a re  
e q u i v a l e n t  t o  e a c h   o t h e r   o n l y  when t h e   n o i s e   h a s  a broadband  spectrum 
a p p r o x i m a t e l y   s i m i l a r   i n   s h a p e  t o  t h e  40 noy  contour ,   and  does  not  COF- 

t a i n   a n y   s t r o n g   p u r e - t o n e  or l i n e   s p e c t r u h   c o m p o n e n t s .   A f t e r   B e r a n e k *  

Noises or noise env i ronmen t s   o f   equa l  EPNL o r   e q u a l  CNR v a l u e s   a r e   p r e -  
s u m a b l y   e q u a l   i n   t h e i r   e f f e c t s  o n   p e o p l e   r e g a r d l e s s   o f   t h e   s p e c t r a l  or 
t e m p o r a l   c o m p l e x i t i e s   o f   t h e   n o i s e s  or n o i s e   e n v i r o n m e n t s   t h e y   r e p r e s e n t  

Type  of  Space 

Max  PNL 

dB (A) dB (Dl PNd B 

- EPNL 

PNdB, dB(D') 
dB(A') CNR 

B r o a d c a s t   s t u d i o s  
C o n c e r t   h a l l s  
L e g i t i m a t e   t h e a t e r s  (500 

Music rooms 
Schoo l rooms   (no   ampl i f i ca t ion )  
Apar tments   and   ho te l s  
Assembly h a l l s  
Homes 
M o t i o n   p i c t u r e   t h e a t e r s  
H o s p i t a l s  
Churches 
Courtrooms 
L i b r a r i e s  
O f f i c e s  - Execu t ive  

s e a t s ,  n o   a m p l i f i c a t i o n )  

- S e c r e t a r i a l  
(Mos t ly   t yp ing )  

- D r a f t i n g  
Meeting rooms ( sound  ampl i f i -  

c a t   i o n )  
R e t a i l   s t o r e s  
R e s t a u r a n t s  

28 35 
28 35 

33 40 
35 42 
35 42 
38  45 
38  45 
40 47 
40 47 
40  47 
40  47 
40  47 
40  47 
35 42 

50 57 
45 52 

45 52 
47  64 
55 62 

41 
41 

46 
48 
48 
51 
51 
53 
53 
53 
53 
53 
53 
48 

63 
58 

58 
60 
68 

78 
78 

83 
85 
85 
88 
88 
90 
90 
90 
90 
90 
90 
85 

100 
95 

95 
97 
105 

66 
66 

71 
73 
73 
76 
76 
78 
78 
78 
78 
78 
78 
73 

88 
83 

83 
85 
93 

N o t e :   T h e   n o i s e   l e v e l s   O u t d o o r s   f r o m   s o u r c e s   l o c a t e d   o u t d o o r s   ( a i r c r a f t ,  - 
r o a d   t r a f f i c ,   e t c . )   c o u l d  be t y p i c a l l y   a b o u t  20 dB g r e a t e r   f o r  
the   average   house   and  30 dB f o r   m a s o n r y   o r   w e l l   s o u n d - i n s u l a t e d  
b u i l d i n g s   t h a n   t h e   l e v e l s   g i v e n   i n   t h e   a b o v e   t a b l e .  

Note:  dB(A') -13 = dB(A) - 
dB(D') -7 = dB(D) 

* 
Beranek ,  L .  L.  R e v i s e d   c r i t e r i a   f o r   n o i s e  i n  b u i l d i n g s .   N o i s e   C o n t r o l ,  
3: 19-27  (1957) 
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